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5 WATER-SOLUBLE PRESSURE-SENSITIVE MUCOADHESIVE 

AND DEVICES PROVIDED THEREWITH 
FOR EMPLACEMENT IN A MUCOSA-UNED BODY CAVITY 



Background 

10 

Techiwcri FkM 

This invention relates to mucoadhesives and to mucoadheiing devices. 
Additionally and particularly this invention relates to compositions that 
adhere both to mucosal surfaces and to a variety of materials that may 

15 constitute a part of a device or prosthesis to be held in a body cavity, such 
as the oral cavity or the vagina or the rectum, that has a mucosal lining. 
Additionally this invention relates to mucoadhering devices useful for 
controlled release of substances within a body cavity that has a mucosal 
lining, such as for example the oral cavity, and particularly to such devices 

20 thaf are provided with adhesives suitable for fixation of the device within the 
oral cavity. Additionally and particularly this invention relates to 
administering breath-freshening agents, and particularly mint odorants, into 
the or^ cavity of a person over extended time periods, for freshening the 
person's breath. And additionally this invention relates to administering 

25 agents into a person's oral cavity over extended times for relief of sore 
throat pain and cough. 



30 



Background Art 

For a number of practical purposes, it can be useful to affix a device 
within a mucosa-lined body cavity, such as the oral cavity, the vaginal 
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cavity, or the rectal cavity. Devices that may usefiOly be positioned within a 
mucous-lined body cavity include, for example, denture prostheses and 
devices for controlled release of medicaments. 

In one approach for such purposes, the device can be affixed to a 
mucosal surface of the body cavity by means of an adhesive. Various 
bioadhesives have been proposed for use in establishing adhesive contact 
with mucosal surfaces. 

For example, U.S. Patent No. 4,713,243 describes an extruded film 
for use in controlled release of medicaments, including a water-soluble or 
swellable polymer matrix capable of adhering to a wet mucous surface, 
made up of 40 - 95 % hydroxy propyl cellulose, S - 60 % poIy(efhylene 
oxide), optionally up to 10 % of a water-insoluble polymer (ethyl cellulose, 
propyl cellulose, polyethylene or polypropylene) and 2 - 10 % of a 
plasticizer introduced to facilitate processing,, and containing the 
15 medicament. There is no disclosure in the *243 patent that tiiis composition 
can adhere to materials tfiat may be used in oral prosthesis or other devices, 
or that it is pressure-sensitive. 

Adhesives for affixing dental prostheses in the moutii are 
conventionally in the form of pastes or creams. These are messy and 
20 inconvenient to use, and generally adhere poorly or not at all after extended 
periods. 

U.S. Patent No. 4,529,748 describes a dental prostfiesis adhesive in 
powder form, in which the particles are made from caiboxy methyl 
cellulose, poly(cthylene oxide), poly(acrylic add), and karaya gum. Some 

25 portion of die particles are coated wifli a cellulose or acrylate polymer film 
that dissolves slowly in saliva. 

U.S. Patent No. 4,948,580 describes a bioadhesive composition for 
deliveiy of anti-bacterials, including a copolymer of ("PYME/MA**), and 
gelatin, dispersed in an ointment base. 

30 International Patent Publication No. WO 91 16041 (Oct. 31, 1991) 

describes a pharmaceutical composition, to be held under die tongue, in the 



wo 95/05416 



PCT/US94/09305 



-3- 

form of a thin starch wafer capable of molding to the contours of the 
sub-lingual cavity, thereby allowing for absorption of medicaments contained 
within the wafer through the sub-lingual mucosa. 

Conventionally, medications for treatment for relief of sore throat and 
5 cough are provided in a form such as a lozenge to be held in the mouth of 
the person being treated, or in the form of a mouthwash or spray. These 
forms of delivery work generally by shedding the medication into the saliva, 
which bathes the tissues of the oral cavity and throat as it passes posteriorly 
toward the esophagus. Such forms remain in the oral cavity only for short 

10 periods of time, generally in the range up to about 10 or 20 minutes, and 
they cannot provide for delivery of the medication to the oral cavity over 
extended times. In these forms the treatment must be readministered at 
short time intervals to be efTective. The rate at which the medication is 
deliv^ed from a lozenge can depend upon how actively the user agitates it, 

15 that is, how vigorously flie user sudcs on the lozenge, and whether the user 
breaks it with the teeth. 

Moreover, the presence of a lozenge in the user's mouth can be 
annoying or distracting, and may interfere with speech or with ingestion of 
fluids. Holding the lozenge in the mouth— that is, avoiding either 

20 swallowing it or spitting it out— requires conscious effort, and inadvertent 
loss can be embarrassing. 

U.S. Patent No. 4,927,634 (May 22, 1990) describes a incorporation 
of Dyclonine HCl and phenol into base vehicles such as lozenges, drops or 
troches. U.S. Patent No. 4,503,070 (March 5, 1985) describes 

25 administering zinc gluconate to the oral mucosa in the form of a troche or 
lozenge to reduce the duration of common cold symptoms. 

U.S. 4,139,627 (Feb. 13, 1979) describes including a 
pharmaceutically acceptable acid in a process for maldng a lozenge 
containing Dyclonine HCl; the acid acts as a stabili^ng agent during 

30 processing to prevent degradation of the Dyclonine HCl. 
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Nearly everyone at least occasionally has malodorous breath. Bad 
breath may be caused by consumption of strongly flavored food or drink or 
by use of tobacco, for example, or it may be caused by poor oral hygiene. 
It may be a symptom of, or may result from, a disease or metabolic 
5 condition. The condition may be temporary or chronic, and may be mild, 
so as to be merely somewhat unpleasant, or may be so severe as to interfere 
with ordinary social interaction. 

Because bad breath (often termed ''halitosis", particularly when the 
condition is severe) is so common a source of embarrassment, considerable 
10 attention has been directed to trying to prevent or mask it. In some 

instances, the condition may not be prevented except by correction of an 
underlying disease or metabolic disorder, or by improvement in oral 
hygiene. Some instances of halitosis are so extreme that they cannot be 
masked. Many cases of ordinary bad breath can be masked by use of an 
IS odorant in the mouth and throat that contributes a pleasant smell to the 

exhalant breath of the person. In many cultures, various mint odorants are 
commonly accepted on the breath. 

Odorants, such as mint odorants, are conventioiudly administered to 
the mouth in the form of a spray or mouthwash. Sprays and mouthwashes 
20 provide only very temporary mask, as they are quickly washed away by 
ordinary salivary secretions. 

Also conventionally, odorants are administered in a lozenge, or in 
chewing gum. Lozenges can provide for somewhat more extended 
administration than sprays or mouthwashes, as the odorant is continuously 
25 shed as the lozenge dissolves in the saliva. Chewing gums can also provide 
for somewhat more extended administration, although tfie odorant may after 
some fairly short time be delivered at such a slow rate as not to be effective. 
As note above, the presence of a lozenge or chewing gum in the person's 
mouth can be annoying or distracting, and may interfere with speech or with 
30 ingestion of fluids. Other persons can be distracted or annoyed by a 
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person's chewing gum, and in some sodal circumstances chewing gum is 
not accepted. 

Summary of the Indention 
5 We have discovered water-soluble pressure-sensitive mucoadhesives 

that can be used for affixing devices within a mucosa-lined body cavity. 
The water-soluble pressure-sensitive adhesives of the invention can be used 
in construction of devices for emplacement within a body cavity that has a 
mucosal lining, as for example on a mucosal surface within the body cavity. 

10 Some of the water-soluble pressure-sensitive mucoadhesives according to tfie 
invention additionally adhere to a variety of materials, such as polymers, 
that are conventionally employed in the construction of devices, sudi as 
dental prostheses, which are held in the mouth. 

Thus the mucoadhesive compositions according to the invention can 

IS be used to affix aiiy device within the body cavity, such as, for example, a 
dental plate. For placement within the oral cavity, for example, the 
adhesive preferably is made from materials generally regarded as safe 
(•'GRAS-certified"), or national formulary ("NF-certified*), and therefore 
safe for oral use or for ingestion. 

20 The pressure-sensitive adhesives of the invention are fully water- 

soluble, and ate thus fully soluble in secretions present in mucous-lined body 
cavities. Consequenfly, the adhesive eventually dissolves completely within 
the body cavity in which it is placed, and the dissolved or dispersed matter 
is flushed away with the fluid secretions of the cavity or, in the case of use 

25 in the oral cavity, passes on to the alimentary canal. Pressure-sensitive 
adhesives according to the invention require no moistening prior to contact 
with the mucosal or the polymer surface. 

The adhesives are additionally particularly useful in construction of 
laminated devices for controlled delivery of substances within a mucosa- 

30 lined body cavity. The invention therefore provides devices having ah 

adhesive surface suitable for affixing to a mucous surface of a mucosa-lined 
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body cavity such as the mouth or throat, the vagina, or the rectum, or that is 
suitable for affixing to the dental surfEice or to the surface of various forms 
of prosthesis that may be used in the body cavit/, such as for example 
dentures. Devices according to the invention are provided in various 
5 configurations, each configuration providing for controlled delivery of one 
or more substances from a single device according to one of a variety of 
schedules. Selected devices according to the invention can provide, for 
example, delayed onset ddivery, pulsed delivery, and sequential delivery of 
two or more substances. 
10 In some configurations, the adhesive itself serves as a reservoir for 

the substance to be delivered, and releases the substance into the body cavity 
as the adhesive dissolves. In some configurations a laminate construction 
includes at least one polymer layer in addition to the adhesive layer. Each 
such configuration releases one or more substances according to a desired • 

15 timed delivery regime. In various configurations, for example, onset of 
release may be delayed following placement of the device within the body 
cavity; or, for example, a substance may be released at different rates over 
time, or in pulses with intervening periods in which substantially no release 
occurs; or, for example, two or more substances may be sequentially 

20 released, with or without an intervening period in which substantially no 
substance is released. The pattern of release is established according to the 
invention by the sequential arrangement of laminae containing the 
substance(s) and, in some configurations, laminae not containing the • 
substance(s) or containing fewer than all the substances. The release rate for 

25 a substance from a particular layer is determined principally by the rate at 
which die layer dissolves or disperses in the fluid milieu of the body cavity, 
together with the concentration of the substance in the layer. Release from a 
particular more basally situated layer is delayed by overlying layer(s), and 
the duration of the delay in delivery from such a particular layer is 

30 determined principally by the time required for the overlying layer(s) to 
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To a limited extent, whether or not a particular layer dissolves or 
disperses in the fluid milieu of the body cavity, a substance may in time 
move dififusionally out from the layer, so that the concentration of tiie 
substance within the layer falls. Such diffusional movement may result in 

5 release of the substance into the body cavity or, where the layer is the 
mucoadhesive layer, release of the substance transmucosally through the 
contacting mucosal surface. Or, where the particular layer is covered by an 
overlying layer, the substance may diffuse into and through the ovwlying 
layer. Where such difiusional release is undesirable, it may be limited by 

0 rendering the overlying layer substantially impermeable to the substance, so 
that release from the overlain layer is occluded until such time as the 
overlying layer has dissolved or dispersed. Suitably occluding layers can be 
constructed of a water-soluble polymer composition containing as an additive 
a nonorganic filler sudi as silica gel, or a fatty add filler sudi as magnesium 

5 stearate, or a wax such as a paraffin, for exaif^le. For extended delayed 
onset, for example, a slow-dissolving substantially substance-impermeable 
top layer can be constructed of a hydrophobic matmal sudi as 
hydroxypropyl cellulose, thereby achieving a temporary occlusive (partially 
ocdusive, at least) effect Such a modification may be made by a change in 

0 the polymer constituents of the top layer, or by introduction of additives into 
the layer itself. 

The adhesive can be mucoadhesive, or it can adhere to the surface of 
the teeth or to a variety of materials, sudi as polymers, that can be used in 
the construction of devices that are emplaced within the mucosa-lined body 

5 cavity (such as, for example, poly(methyl metiiacrylate), commonly used in 
dental prosthesis in the oral cavity). Some adhesives according to the 
invention are mucoadhesive and adehere to polymer surfaces such as 
PMMA. The adhesive can be a moistenable adhesive or, alternatively and 
in some instances preferably, it can be a pressure-sensitive adhesive. 

} In some embodiments of laminated devices of the invention all the 

layers are water-soluble (or, for example, are digestible), and they therefore 
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dissohre or disperse entirely in the fluids secreted wilMn die body cavity. In 
such embodiments the adhesive layer and tfie additional polymer layo^s) 
dissolve and are carried away at or following the time when die substance(s) 
have diffused away from the device. Preferred materials for the polymo* 
5 layers as well as for the adhesive layers are for some applications therefore 
GRAS-certified or NF-certified, so tiiat they are fiiUy acceptable for oral use 
and for ingestion by humans. 

We have fiirdier discovered tiiat active substances, useful for relief of 
sore throat or of cough, can be delivered into the oral cavity over extended 
10 times by including the active substance witiun a water soluble pressure 
sensitive mucoadhesive device, and applying the mucoadhesive device to a 
mucosal surface within the oral cavity. 

Such a device for temporary relief of sore throat or cough may be a 
layCTed composite, including a polymer layer that contains the active 
15 substance, and a mucoadhesive layer that serves to affix the active- 
containing layer to a mucosal sur&ce such as die palate, the gum, or tiie 
cheek. Because tiie materials of tiie layers are water soluble, and tiierefoi* 
fully soluble in secretions present in mucous-lined body cavities, tiie device 
eventually dissolves completely witiun tire oral cavity, and passes on to tiie 
20 alimentary canal. As tiie material of tiie active-containing layer dissolves in 
tiie fluid secretions, witiun flie oral cavity, tfie active disperses in tiie fluid 
secretions and is distributed tiu-oughout the oral cavity and on to tiie tiiroat. 

In many applications ddivery of an active substance into a mucosa- 
25 lined body cavity desirably is provided over an extended time. We have 
developed polymer compositions fliat dissolve slowly witiun the fluid, 
secretions of tiie oral cavity, and tiiat can include an active substance and 
can be deployed in a suitably tiun layer witiun flie oral cavity to deliver tiie 
active substance over extended times in excess of 1 hour. A desired rate of 
30 dissolution for a particular device configuration can be selected by choice of 
materials and proportions of materials in flie active-containing polymer 
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composition. Generally, the dissolution rate, together with the thickness of 
the active-containing polymer layer, determines the extent of the delivery 
time for the active substance. 

The rate of delivery of the active substance over the delivery time 
5 can be selected by choosing an appropriate amount of the active substance in 
tiie active-containing layer as well as by choosing an appropriate polymer 
composition. Polymer compositions according to the invention are capable 
of deliv^ of active substances over extended times. 

Preferred water soluble adhesives may be permeable to particular 

10 active substances; that is, while the active substance is released into the oral 
cavity as the active-containing polymer layer dissolves, it may additionally 
pass by diffusion into and through the adhesive layer, and then into and 
through the mucosal surface onto which the adhesive layer is affixed. 
Where delivery of die active substance to the mucosa underlying the device 

IS is not desired, an additional water-soluble layer, poorly permeable to the 
active substance, may be interposed between the active-containing layer and 
the adhesive layer, to substantially prevent movement of the active substance 
into the adhesive layer. 

Any of a variety of active substances may be delivered using delivery 

20 devices constructed according to the invention. For relief of sore throat 
pain, for example, substances such as benzocaine, lidocaine, dydonine, and 
the like, which are available over the counter in syrup or tablet form, may 
be used. For relief of cough, for example, substances such as 
dextromethorphan HBr, noscpine, codeine phosphate, menthol, and the like, 

25 may be used. Further, both a sore throat medication and a cough 

suppressant can be combined within and delivered from a single device 
according to the invention. 

The invention provides for continuous delivery of the medication over 
an extended time, providing for relief of sore throat pain for longer times, in 

30 the range up to about 1 to 4 hours, than can be provided by conventional 
means. Location of the disc on the uppfer palate helps localize the 
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medication nearer to the site of soreness upon swallowing during normal 
salivary flow. 

We have further discovered that odorants suitable for masking'bad 
breath, and particularly mint odorants, can be administered into the oral 
5 * cavity over extended times by including the odorant within a suitable water 
soluble pressure sensitive mucoadhesive device, and applying the 
mucoadhesive device to a mucosal sur&oe within the oral cavity. 

Tlie breath freshening device may be a layered composite, including a 
water soluble polymer layer that contains the mint odorant, and a water 
10 soluble mucoadhesive layer that serves to affix the odorant-containing layer 
to a mucosal surface such as the palate, die gum, or the cheek. Because flie 
materials of die layers are water soluble, and therefore fully soluble in 
secretions present in mucous-lined body cavities, the device eventually 
dissolves completely within the oral cavity, and tiie dissolved material passes 
IS on to the alimentary canal. As tiie material of the odorant*containing layer 
dissolves in the fluid secretions, within the oral cavity, the odorant disperses 
in the fluid secretions and is distributed throughout the oral cavity. 

We have developed polymer compositions that dissolve slowly within 
the fluid secretions of the oral cavity, and that can include an odorant and 
20 can be deployed in a suitably thin layer within die oral cavity to deliver the 
odorant over extended times in excess of 1 hour. A desired rate of 
dissolution for a particular device configuration can be selected by dioice of 
materials and proportions of materials in the odorant-containing polymer 
composition. Generally, die dissolution rate, togeth» with the thickness of 
25 die odorant-containing polymer layer, determines the extent of the delivery 
time for the odorant. 

The rate of delivery of die odorant over the delivery time can be 
selected by choosing an appropriate amount of the odorant in the odorant- 
containing layer. Polymer compositions according to the invention are 
30 capable of delivering odorants ov» extended times at high enou^ " 
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concentrations to contribute a continuous pleasant smell to the exhalant 
breadi sufficient to mask bad breath odor. 

Preferred water soluble adhesives may be permeable to certain mint 
odorant components; that is, certain of the mint odorant components may by 

S difiusion pass into and through the adhesive layer, to the mucosal sur£eice 
onto which the adhesive layer is afiixed. Because some mint odorant 
components may be irritating to the mucosa or may cause an unpleasant 
local numbing effect on flie mucosa when present in higher amounts, it may 
be desirable to avoid delivery of the odorant to the underiying mucosa. This 

0 can be accomplished according to the invention by interposing an additional 
water-soluble layer, poorly permeable to the odorant components, between 
the odorant-containing layer and the adhesive layer, to substantially prevent 
movement of the odorant components into the adhesive layer. 

Any of a variety of odorants may be delivered according to die 

5 invention, and any of various mint odorants, as described below, may be 
particularly desirable. 

Because the device according to the invention remains affixed to a 
surface of the oral cavity during use, no conscious effort by the user is 
required to hold the device in place, and the likelihood that it may be 

D swallowed or spit out of the mouth during use is diminished. As the device 
has a thin profile, and conforms smoothly to the surface of the oral cavity, it 
is not mechanically annoying and does not interfere with speech or with 
ingestion of foods oi; fluids. 

5 Disclosure of the Invention 

Water-Soluble Pressure-Sensitive Adhesives 
In one general aspect, the invention features a water-soluble pressure- 
sensitive adhesive including a water-soluble polymer that is made tadcy (that 
) is, it is rendered pressure-sensitive) at room temperature by addition of a 
water-soluble plastidzer that is misdble with the polymer. Suitable 
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polymera are diaracterized as hang so£d at toom teiiq)eratiire (that is, as 
having a glass transition temperature T(g), or melting point T(m), higher 
than about 25 *C, and more preferably highor than about 30 *C, and lower 
than about 120 "C, and more preferably lower Ham about 100 "C); and 
5 having a hydrophiKcity as measured by water uptake greater than about 
25 %. Suitable plasticizers are characterized as being liquid at room 
temperature and having a boiling point higher than about 80 *C. 

Suitable polymers include polysacdiaiides such as for exanipile 
cellulose-type materials and natural g:ums, polypeptides, and wata--scluble 
10 synthetic polymers. Particular examples of sudi suitable pdymos wfaidi 
are GRAS certified include poly(vinyl pynolidone) ("PVP"), poly(vinyl 
alcohol) («PVA»), hydroxy propyl cellulose ("HFC"), poly(ethylene oxide) 
("PEO"), poly(aciylic add) ("PAA"), polyaciylates such as Caibopol 934 
(B.F. Goodrich), stardi and starch derivatives, polysaccharides, sodium 
15 caiboxymethyl cellulose ("Na-CMC"), xanthan gum, kaiaya gum, and 
gelatin, among others. Suitable plastidzers include, for example and 
particularly for oral-mucosal contact and other use in tiie oral cavity, 
glycerin, sorbitol, any of tiie gjycds, polysorbate 80, triethyl citrate, acet^ 
triethyl citrate, and tributyl citrate. 
20 In some embodiments for oral mucosal contact and for sldn contact, a 

water-soluble pressure-sensitive adhesive according to flie invention includes 
PVP (about 95 - 40 weight %) and, optionally, HPC (up to about 50 
weight %) as a polymer; and glycerin as a plastidzer (about 5-35 
weight %). Optionally, any balance (up to about 30 weight %) can be made 
25 iq) by water. By way of illustration, such compositions adheie 

instantaneously (witiun less than five seconds) to oral mucosal surfaces and 
to oral cavity prostiieses or otiier devices of die poly(metiiyl metiiacrylate) 
("PMMA") type, as well as to human skin. 

Li otho- embodiments for oral mucosal contact and for skin contact, a 
30 water-soluble pressure-sensitive adhesive according to die invention includes 
as a polymer HPC (about 0 - 50 weight %) and, optionally, (up to about 50 
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wcight %) one or more of PVP, PVA, PEO, starch, polysucrose or other 
polysaccharide^ xanthan gum, or karaya gum; and glycerin as a plasticizer 
(about 11-60 weight % and, preferably about 30 - 50 weight % for PVP- 
or HPC-containing adhesive compositions). In these formulations, the HPC 
S preferably has a molecular weight between about 60 k and about 1,000 k, 
and more preferably between about 100 k and about 300 k. 

In another general aspect, the invention features a water-soluble 
pressure-sensitive adhesive film made up of a water-soluble polymer that is 
made tacky (that is, it is rendered pressure-sensitive) at room temperature by 
10 addition of a water-soluble plasticizer that is miscible with the polymer. 

In preferred embodiments the thickness of the film is in the range of 

about S - 20 mils, and is shaped to fit and to conform generally to a mucosal 

surface-contacting portion of a dental prosthesis such as a dental plate. 

Preferred water-soluble pressure-sensitive adhesive fUms according to the 

15 invention are very flexible, and are therefore capable of conforming to and 

adhering to contoured surfaces sudi as the gum or the roof of the mouth. 

Such a film can be used as a denture adhesive, that can aiShae to oral 

mucosal surfaces and to dental prosthesis for an extended period, typically of 

more than about 5 hours. The film can be used as part of a system for 

20 delivery of substances through the oral mucosa (as a buccal transmucosal 

patch), or for delivery of substances into the oral cavity itsdf. 

Pevice Having a Water-Sohible Pressure- Sensitive Adhesive 
for Emplacement in a Mucosa-Lined Body Cavity 

In another general aspect, the invention features a laminated device 
25 for controlled release of one or more substances within a mucosa-lined body 
cavity, having an adhesive layer by means of which the device can be 
affixed within the body cavity. 

In some embodiments the mucoadhesive layer is water-soluble, 
constructed in some embodiments of a water-soluble moistenable 
30 mucoadhesive, and in some embodiments of a water-soluble pressure- 
sensitive mucoadhesive; in some embodiments the adhesive adheres U) a 
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variety of matnials, sudi as polymers, that can be used in constraction of 
devices for emplacement on a 

mucosal sur&ce or within a body cavity that has a mucosal lining; or it is 
mucoadhesive and additionally adheres to such matmals. Piefisrably the 
5 water-soluble pressure-sensitive adhesive requires no moistening prior to 
contact with the mucosal or the polymer surfiace. For placement within the 
oral cavity, for example, the adhesive preferably is made from materials 
generally regarded as safe ("GRAS-certilied"), or national formulaiy ("NF- 
coliiied"), and therefore safe for oral use or for ingesti(Mi. 
10 Preferred water-sduble pressure-sensitive adhesives for use in the 

adhesive layer of the invention are those according to die invention, as 
disclosed above under tiie heading "Water-Sohible Pressure-Sensitive 
Adhesrves", and as desaibed in further detail hereafter. Accordingly they 
include a water-soluble polymer that is rendered tacky (that is, it is rendered 
15 pressure-sensitive) at room temperature by addition of a water-soluble 
plastidzer tiiat is miscible with the polymer. 

In some embodiments for oral mucosal contact, a water-soluble 
pressure-sensitive adhesive according to the invention includes PVP (abovt 
95-65 weight %) and, optionaUy, HPC (up to about 50 weight %) as a 
20 polymer; and glycerin as a plastidzer (about 5 - 35 weight %). Optionally, 
any balance (up to about 30 weight %) can be made up by water. By way 
of illustration, such compositions adhere well to oral mucosal surfaces and to 
oral cavity prostheses or other devices of the poly(methyl methaciylate) 
("PMMA") type. 

25 In other embodiments for oral mucosal contact a water-sduUe 

pressure-sensitive adhesive according to the invention includes as a pdiymer 
HPC (about 100 - 50 weight %) and, pptionaUy, (up to about 50 weight %) 
one or more of PVP, PVA, PEO, starch, polysucrose or otfier 
polysacdiaride, xantiian gum, or karaya gum; and glycerin as a plastidzer 

30 (about 5-35 weight %). In these formulations, the HPC preferably has a 
molecular weight between about 60 k and about 1,000 k, and more 
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preferably between about 100 k and about 300 k« The water-soluble 
pressure-sensitive adhesive layer may take the fonn of a film which 
preferably is about S-10 nuls thick* Preferred water-soluble pressure- 
sensitive adhesive films according to the invention are very flexible, and are 
5 therefore capable of conforming to and adhering to contoured surfiaces such 
as the gum or the roof of tiie moutfi. 

In preferred embodiments the device includes at least one water- 
soluble polymer layer in addition to the water-soluble piessure^sensitive 
adhesive layer. This water soluble polymer layer is a hydrophobic material 

10 that will not dissolve in cold water (below about 40 ^C) and has little or no 
tendency to hydrate with water. The material may further be hot water 
dispersible and may have non*tacky surface properties upon moistening. 
Examples of suitable GRAS-certified materials include but are not limited to 
monpglycerides, triglycerides, waxes sudi as paraffin, fiatty adds, faity 

IS alcohols and mixtures thereof. In a particular embodiment, soibitan 

monostearate (SPAN 60) with hydroxypropyl cellulose ^IPC LF) is useful. 

The pressure-sensitive adhesive layer and, in some embodiments, one 
or more of the polymer layers in the device according to the invention are 
fully water-soluble, and are thus fully soluble in secretions present in 

20 mucous-lined body cavities. Consequently, the pressure-sensitive adhesive 
layer and the water-soluble polymer layers eventually dissolve completely 
within the body cavity in which the device is placed, and the material of the 
dissolved layers is flushed away with the fluid secretions of the cavity or, in 
the case of use in the oral cavity, passes on to the alimentary canal. 

25 According to the invention, the adhesive serves to keep the device in 

place within the body cavity, and release of the substance or substances is 

controlled by the particular arrangement of layers. 

Device for Controlled Release of Substance 
within a Mucosa-Lined Bodv Cavity 

30 In a further general aspect, the invention features a device for • . 

emplacement within a mucosa-lined body cavity of a subject, the device . 
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including a portion made of a water-soluble piessme sensitive adhesive 
composition. A suifiice of the water-soluble pressure sensitive adhesive 
portion forms a basal suriace of die device which, when the device is in use, 
is affixed to a surface of the body cavity. 
5 The adhesive compositions providing an adhesive surface of the 

device of the invention are pressure-sensitive; that is, die adhesive surfiice of 
die device requires no wetting prior to contacting it widi die body cavity 
surface to which it is to be afBxed. 

The adhesive compositions are fully water-soluble, and axe dius fuHy 
10 soluble in secretions present in mucous-lined body cavities. Consequendy, 
die adhesive eventually dissolves completely widiin die body cavity in which 
die device is placed, and is flushed away widi die fluid secretions of die 
cavity or, in die case of use in die oral cavity, passes on to die alimentary 
canal. For placement widiin die oral cavity, for example, die adhesive • 
15 preferably is made from materials generally regarded as safe ("GRAS- 
certified"), or national formulary ("NF-certified'), and dierefore safe for 
oral use or for ingestion. 

Preferred water-soluble pressure-sensitive adhesives for use in die 
adhesWe layer of die invention are diose according to die invention, as 
20 disclosed above under die heading " Water-Soluble Piessure-Sensitive 

Adhesives", and as described in further detaU hereafter. Accordingly diey ' 
include a water-soluble polymer diat is rendered tacky (diat is, it is rendered 
pressure-sensitive) at room temperature by addition of a water-soluble . 
plastidzer tiiat is misdble widi die pdymer. 
25 In some embodunents die device is emplaced widiin die body cavity 

by contacting die adhesive surfece widi a mucosal surface widiin die body 
cavity or widi a surfiice of a prosdiesis diat is employed widiin die body 
cavity, and for such embodiments die water-soluble pressure sensitive 
adhesive composition preferably includes PVP (about 95-40 weight %) 
30 and, optionafly, HPC (up to about 50 weight %) as a polymer; and glycerin 
as a plastidzer (about 5 - 35 weight %). OptionaDy, any balance (up to 
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about 30 weight %) can be made up by water. By way of illustration, sudi 
compositions adhere instantaneously (within less than five seconds) to 
mucosal surfaces as well as to surfaces of prostheses or other devices of the 
poly(methyl methacrylate) (''PMMA'') type. 

S In other embodiments, a water-soluble pressure-sensitive adhesive 

according to the invention includes as a polymer HPC (about 0-50 
weight %) and, optionally, (up to about SO weight %) one or more of PVP, 
PVA, PEO, starch, polysucrose or other polysacdiaride, xanthan gum, or 
karaya gum; and glycerin as a plastidzer (about 11-60 weight % and, 

0 preferably about 30 - 50 weight % for PVP- or HPC-containing adhesive 
compositions). In these formulations, the HPC preferably has a molecular 
weight between about 60 k and about 1,(XX) k, and more preferably between 
about 100 k and about 300 k. In some embodiments the device is a 
device for ddivery of one or more substances into the body cavity or across 

5 the mucosa. Typically the device has a laminated structure, and the water- 
soluble pressure sensitive portion is a basal layer of die device. 
Conveniently, the water-soluble pressure sensitive adhesive portion of subh a 
device is constructed as a film made up of an adhesive composition as 
described above. In preferred embodiments the film has a thickness in the 

3 range about 5-20 mils, and is shaped to fit and to conform generally to the 
surface to which the device is intended to be attached for use. Preferred 
water-soluble pressure-sensitive adhesive films according to the invention are 
very flexible, and are therefore capable of conforming to and adhering to 
contoured surfaces such as the gum or die roof of the moutii. . 

S In some embodiments tiie device when in place within the body cavity 

provides a protective barrier for die area of the mucosal surface to which it 
is affixed which is covered by the device. The barrier may protect the 
underlying mucosal surface fi-om mechanical abrasion or erosion^ for 
example, or, for example, it may serve to protectively isolate the underlying 

) mucosal surface from some substance in the fluid of the milieu of the body 
cavity. 
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Where the device is a laminated device for delivery of an active 
agent, and includes an upper active-containing layer laminated to an adhesive 
layer, or where the device provides a protective barrier, and includes an 
upper barrier layer laminated to an adhesive layer, the upper layer is 
5 preferably constructed of a hydrophobic polymer material that will not 
dissolve in cold water (below about 40 ^C) and has little or no tendency to 
hydrate with water. The material may further be hot water dispersible and 
may have non-tadcy sur&ce prop^es upon moistening. Examples of 
suitable GRAS-certified materials include but are not limited to 
10 monoglycerides, triglyc^des, waxes such as paraffin, fatty adds, fatty 
alcohols and mixtures thereof. 

The rate of release of the active substance within the oral cavity 
depends to at least some extent upon the rate of dissolution or dispersion of 
the polymer of the active layer in situ, which in turn varies substantially 
IS according to the molecular weight of the principal polymer component: a 
given polymer type dissolves or disperses more slowly at higher molecular 
weights than at lower molecular weights. In some embodiments the active- 
containing layer includes a polymer such as hydroxypropyl cellulose, and 
may additionally include a plasticizer such as glycerin. In a particular 
embodiment, hydroxypropyl cellulose (HPC Klucel LF)f having a molecular 
weight of 80,000, with glycerin as a plasticizer, is useful. 

Long-Lasting Mucoadhesive Device for Temporary 
Relief of Sore Throat and Cough 

In yet anotfier general aspect, the invention features a layered 

composite mucoadhesive device for delivery of an active substance into the 

oral cavity, having an active*containing layer that includes the active 

substance dispersed or dissolved in a water soluble polymer, and a water 

soluble adhesive layer. 

In some embodiments the active-containing water soluble polymer 

layer is a hydrophobic material tiiat will not dissolve in cold water (below 

about 40 ""C) and has littie or no tendency to hydrate with water. The 
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material may further be hot water dispersible and may have non-tacl^ 
surlfoce properties upon moistening. As noted above examples of suitable 
GRAS-certiiied materials include but are not limited to monoglycerides, 
triglycerides, waxes such as parafiKn, fatty adds, fatty alcohols and mixtures 
S thereof. 

Also as noted above, fte rate of release of the active substance within 
the oral cavity depends to at least some extent upon the rate of dissolution or 
dispersion of the polymer of the active hya in situ, whidi in turn varies 
substantiaUy according to die molecular weight of the principal polymer 
10 component; a desired release rate can be specified by choice of the polymer 
or polymer combination. 

In some embodiments the adhesive for use in the adhesive layer of the 
invention is a water-soluble pressure-sensitive adhesive according to the 
invration, as disdosed above under die heading ""Water-Soluble Pressure- 
IS Sensitive Adhesives**, and as described in further detail hereafter. 

Accordingly such adhesives indude a water-soluble polymer that is rendered 
tadcy (that is, it is rendered pressure-sensitive) at room temperature by . 
addition of a water-soluble plastidzer that is misdble with the polymer. . 

Additional ingredients, such as, for example, deodorants or 
20 reodorants or flavorants, may be delivered along with the active substance as 
the active-containing layer disperses within the oral cavity. Sudi additional 
ingredients indude, for example, sweeteners sudi as aspartame, and breath 
freshens sudi as mendid. 

In another general aspect the invention features a method for 
25 administering a substance oyer an extended time period for relief of sore 

throat or cough. The method involves dissolving or dispersing the substance 
in a laminated water soluble device that has a water soluble pressure 
sensitive adhesive layer. The device is affixed to die mucosal surface of the 
ond cavity. 
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Long-Lastin^ Mucoadhesive Device for Administration 

of BreafrFr^shgqing Agent 
In sdn another general aspect, the invention features a laminated 
composite device for administering an odorant into die oral cavity over an 
5 extended time. The device has at least two layers, induding a basal layer 
constructed of a water soluble pressure sensitive mucoadhesive polymer 
composition; and an odorant-containing water soluble polymer layer. 

In some embodiments the basal adhesive layer is mucoadhesive and 
additionally adheres to a variety of materials, sudi as polymers, that can be 
10 used in construction of devices for emplacement on an oral mucosal surface 
or within tiie oral cavity. Tie basal adhesive layer preferably is constructed 
of a watOT soluble pressure sensitive adhesive that requires no moistemng 
prior to contact with the mucosal or the polymer surface. The adhesive 
preferably is made from materials generally regarded as safe (^GRAS- 
15 certified"), or national formulary (^^NF-ccrtified"), and tiierefore safe for 
oral use or for ingestion. 

Preferred water-soluble pressure-sensitive adhesives for use in the 
adhesive layer of the invention are those disclosed above under tiie headiqg 
''Water-Soluble Pressure-Sensitive Adhesives*, and described in further 
20 detail hereafter. Accordingly such adhesives include a water-soluble 

pdyma that is rendered tacl^ (tfiat is, it is rendered pressure-sensitive) at 
room temperature by addition of a wat»-soluble plasticizer that is miscible 
witii tiie polymer. 

In some embodiments the odorant containing layer includes a polymer 
25 such as a hydroxypropyl cellulose, and in a particular embodiment may 

additionally include a plasticizer sudi as glycerin. The rate of release of the 
odorant witiiin tiie oral cavity can be specified by selection of particular 
polymer or polymer combinations, as noted generally above under the 
heading ''Device for Controlled Release of Substance wiflun a Mucosa-Lined 
30 Body Cavity". In a particular embodiment, a hydroxypropyl cellulose (HPC 
Klucel GF), having a molecular weight of 300,000, is useful. 



wo 95/05416 



PCTAJS94/09305 



•21- 

The water soluble odorant containing layer may take the form of a 
film which preferably is about 20 * 30 mils thick. Suitable slow-dissolving 
I)olymers such as HPC are typically not sufficiently flexible to conform with 
the irregularly curved surfaces of the oral cavity or of oral or dental 
5 prosdieses, and addition of a plastidzer to the polymer or polymer mixture 
of films would be required for these applications. Suitable plasticizers can 
indude glycerin, for exanqde. 

In some embodiments die odorant is an essential oil of a plant 
material, or a refined fraction of an essential oil, or a combination of the 

10 chief aromatic constituents of an essential oil. Preferably the odorant is a 
mint odorant. We have discovered that, surprisingly, the essential oils &at 
'are commonly used as flavorings, particularly oil of wintergreen, oil of 
peppermint, and oil of speannint, are themsdves effective as plastidzers. 
For breath freshener devices for delivering a mint odorant, therefore, the 

IS odorant containing layer therefore can consist of tiie polymer and the mint 
odorant (and, optionally, a sweetener and a preservative), without any 
requirement for a plastidzer other than tiie mint odorant. 

Accordingly, in another aspect the invention features a laminated 
composite device for administering a mint odorant into the oral cavity over 

20 an extended time, comprising a basal layer constructed of a water soluble 
pressure sensitive mucoadhesive composition and an upper layer containing a 
water soluble polymer, such as a HPC,. and a mint oil. 

Extended delivery of odorant can be obtained according to the 
invention firom devices whose composite thickness is 35 mils or less. The 

25 devices according to the invention are very flexible, and are therefore 
capable of conforming to and adhering to contoured surfaces such as the 
gum or the roof of the mouth. Breath freshening devices according to tiie 
invention can deliver a mint odorant such as a peppermint continuously over 
a period of up to two hours or longa from a single device, and can provide 

30 breath freshening for even greater periods of time. 
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Description of Preferred Embodiments 
PrefeiTed embodiments of the invention will now be described, 
beginning with a brief description of the drawiqgs. 

5 Brief Descri ption of thet Di^^ ngff 

Fig. 1 is a sketdi in sectional view showing a device of the invention 
configured to provide deKveiy of one or more substances at two different 
rates. 

Fig. 2 is a sketch in sectional view showing a device of the invention 
10 configured to provide ddayed-onset delivery of one or more substances. 

Fig. 3 is a sketch in sectional view showiqg a device of the invention ' 
configured to provide delivay of one or more substances in a sequence of 
pulses. 

Fig. 4 is a sketch in sectional view showing a device of the invention 
15 configured to provide delayed-onset deliveiy of one or more substances 
while minimiang diffusion of the substance(s) at the edges of the device. 

Figs. S through 7 are rough hypotfietical plots showing quantity of an 
active substance released by devices of tiie invention configured on tiie plans 
shown in Figs. 1 dirough 3, respectively. 
20 Fig. 8 is a sketch in transverse sectional view showing a bilanunate 

device according to the invention. 

Fig. 9 is a sketch in transverse sectional view showing a trilaniinatB 
device according to the invention. 

Fig. 10 is a plot of data showing the cumulative release of Dydonine 
25 HQ into water from a mucoadhesive disc accoidiAg to flie invention, and 
horn a Sucrets* lozenge. 

Fig. 11 is a plot of data con^aring release of benzocaine into distilled 
water fit)m mucoadhesive discs according to tiie invention, having different 
molecular weight polymers in the active-containing layer. 
30 Fig. 12 is a sketch in sectional view showing anotiier embodiment of 

a device according to the invention. 
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Fig. 13 is a sketch in sectional view showing another embodiment of 
a device according to the invention. 

Fig. 14 is a graph comparing tack characteristics, on a PMMA 
surface, of dry and of moistened adhesive films according to the invention 
5 with tack characteristics of conventional films. 

Fig. IS is a graph comparing adhesion characteristics, on a PMMA 
surface, of dry and of moistened adhesive films according to the invention 
with adhesion diaracteristics of conventional fUms. 

Fig. 16 is a graph comparing elastic moduli of HFC films, illustrating 
the plastidzing effect of mint odorants. 

Fig. 17 is a graph comparing menthol release over time from a breath 
freshening device according to the invention and from a conventional 
commercially marketed ""breath mint" (Cert^. 

As win be appredatedy the drawings are not made to scale, and, in 
particular, no attempt has been made to represent relative thicknesses of tiie 
layera proportionatdy, and tiie tiiicknesses of the various layera are 
exaggerated for clarity of presentation. 

Modes of Carrying out the invention 

Water-Soluble Pressure-Sensitive Adhesivea 
1. Preparation of a water-soluble pressure-sensitive adhesive 
composition made up of FVP and glyomn. 

A solution of poly(vinyl pyrrolidone) CPVP": KoUidoi^^, obtained 
from BASF) and glycerin was firat prepared in isopropyl alcohol ("IPA*), in 
the following proportion by weight: 15 parts PVP, 6 parts glycerin, and 79 
parts IPA. The solution was coated on a polyester release liner and allowed 
to diy at room temperature for IS hours to permit evaporation of the IPA. 
The resulting dry film is both pressure-sensitive and wata-soluble. 

Measurements of tack were made using a TA.XT2 Texture Analyzer 
(Texture Technologies Coip.) together witii an XT.RA Dimension software 
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padoige (Stable Micro Systems, Ltd.), as follows. A sample of the film on 
a idease liner is mounted upon a block, and a probe is moved at a fixed 
speed against the adhesive surface of the film, distorting the film to a fixed 
penetration depdi, where the probe is permitted to dwell for a fixed time. 
5 The probe is then withdrawn firom the film, at a fixed speed, and the peak 
force required to detadi the probe firom the film surface is measured as a 
measure of tack. 

Measured tack of samples of a PVP-glycerin film prepared as 
described above and having 5 mils thickness was 1820 g/cm^, using a probe 
10 diameter of 0.80 on, a penetration depih of 0.1 mm, a penetration rate of 
1.0 mm/sec, a dwell time of 10 sec, and a withdrawal rate of 5.0 mm/sec. 
Typical tack values for adhesives used in transdermal devices, for example, 
are about 1000 - 2000 g/cm^. 

Measurements of water solubility were made by submersion of a 
15 sample of the film in water at 21 ^C, stiniqg the water, and determining the 
time required for apparent conq)lete dissolution of the film. 

The total measured dissolution time of samples of a PVP-gIyceiin.film 
prepared as described above and having 5 mils thickness was about 10 
minutes. 2. Preparation of a water-soluble pressure^sensitive 
20 adhesive composition made up of HFC, PVP and glycerin. 

Hydroxy propyl cellulose ("HPC), PVP and glycerin were first 
blended in the proportion, by weight, of 4 parts HPC, 2 parts PVP, and 2 
parts glycerin. The resulting mixture was pressed in a heated Carver 
laboratory press at 200 T to a diickness about 35 mils. The resulting film 
25 was flexible, translucent and tadgr at room temperature. 

3. Preparation of dental prosthesis adhesive film. 
A water-soluble pressure-sensitive adhesive film made as described 
above can be die-cut in a shape that conforms to that portion of the dental 
prosthesis tiiat closely fits the mucosal surface of the mouth, such as the part 
30 of the dental plate that fits against the palate. The shaped Sim pieces can be 
packaged diy. For use, the dry film is pressed onto the appropriate surface 
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of the dental prosthesis so that it adheres. Then the dental prosthesis wifli 
the adhesive affixed is inserted into the correct position in the mouth and 
pressed against the mucosal surface until adhesion is achieved. 

The following Example is intended to illustrate but not to limit the 
5 invention. 

Example! 
Breath Freshening Device 
A dissolvable mucoadhesive device capable of releasing a flavor into 
the oral cavity was constructed as follows: A solution was made up by co- 

10 dissolving 15.4 grams of polyvinyl pyrrolidone PVP (K90) and 6.0 grams of 
glycerin in 80 grams of ispprppanol (IPA). The resulting solution was 
coated at a thickness of 30 mils onto a polyester release liner and allowed to 
dry for IS hours at room temperature. The resulting dry film was tad^ at 
room temperature and had a final thickness of about 5 mils. A second 

IS solution contaming 43 grams of IPA, 42 grams of water; 15 grams of HPC 
EF, 2.5 grams of peppermint oil and 3.0 grams of Nutrasweet™ brand 
sweetener containing aspartame was prepared by mixing all the components 
until fully dissolved. The solution was then coated at a thickness of 50 mils 
onto a polyester release liner. The film was allowed to dry at room 

20 temperature for 15 hours to a final thickness of about 5 mils. 

The two dry films were laminated together. Discs having a diameter 
of about 1.2 cm were cut firom the laminate. The discs were tested in vivo 
by adhering a single disc to tiie upper palate of three volunteers. Hie discs 
adhered wdl to the mucosal surface and upon hydration witii saliva 

25 immediately began releasing peppermint oil and aspartame as noticed by 

taste. The total time of dissolution in the mouth was about 10 minutes, 

during which time a pleasant, refreshing mint flavor was perceived. 

Device Having a Water-Soluble Pressure-Sensiti ve Adhesive 
for Emplacement in a Mucosa-Lined B ody Cavity 

30 1. Water-soluble pressure-sensitive adhesive layer. 
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The preferred water-soluble pressure-sensitive adhesive layer of die 
device according to the invention provides the foundation upon which the 
device operates. There follows first a description, by way of examples, of 
protocols for making exemplary water-soluble pressure-sensitive adhesives 
5 and films suitable for use in the adhesive lay^. 

a. Preparation of a water-soluble pressure^sensitive 
adhesive composition made up of PVP and glyc^in. 
A solution of poly(vinyl pyrrolidone) (*PVP*: KoUidonP, 
obtained from BASF) and glycerin was first prepared in isopropyl alcohd 
10 CIPA"), in die following proportion by weight 15 parts PVP, 6 parts 
glycerin, and 79 parts IPA. The solution was coated on a polyester release 
liner and allowed to dry at room temperature for IS hours to permit 
evaporation of tiie IPA. The resulting dry film is botii pressure-sensitive 
and water-soluble. 

IS Measurements of tack were made using a TA.XT2 Texture Analyzer 

(Texture Technologies Corp.) togetiier wiA an XT.RA Dimension software 
package (Stable Micro Systems, Ltd.), as follows. A sampte of the film is 
first mounted onto a block, and a probe is moved at a fixed speed against 
the adhesive surface of the film, distorting the film to a fixed penetration 

20 depth, where die probe is permitted to dwell for a fixed time. The probe is 
then withdrawn from the film, at a fixed speed, and the peak force required 
to detach the probe from the film surface is measured as a measure of tack. 

Measured tack of samples of a PVP-glycerin film prepared as 
75 described above and having S mils thickness was 1820 g/ca?, using a probe 
diameter of 0.80 cm, a penetration dq)th of 0.1 mm, a penetration rate of 
1.0 mm/sec, a dwell time of 10 sec, and a witfidrawal rate of 5.0 mm/sec. 
Typical tack values for adhesives used in transdermal devices, for example, 
are about 1000 - 2000 g/cm^. 
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Measurements of water solubility were made by immersing a sample 
in water at 21 ^C^ stirring the water, and determining the time required for 
apparent complete dissolution of the film. 

Hie total measured dissolution time of samples of a PVP-glycerin film 
S prepared as described above and having 5 mils thickness was about 10 
minutes. b. Preparation of a water-soluble pressure-sensitive 

adhesive composition made up of HFC, PVP and 
glycerin. 

Hydros propyl cellidose ("HPC"), PVP and glyc^ were 
10 first blended in the proportion, by weight, of 4 parts HPC, 2 parts PVP, and 
2 parts glycerin. The resulting mixture was pressed in a heated Carver 
laboratory press at 200 to a tiiickness about 35 mils. The resulting film 
was flexible, translucent and tad^ at room temperature. 
2. Device configurations. 

1^ ft- Device having two substance-containing layers: 

Referring to Fig. 1, there is shown by way of example a device 
10 having a basal adhesive lay» 12 which in use adheres to mucosal surface 
M and an upper polymer layer 14, in which a substance or substances to be 
delivered are contained in both layers. As the upper layer is bathed by the 

20 fluids in the body cavity (for example by saliva and ingested fluids in the 
mouth), dissolution of the upper layer begins first and is substantially 
complete when dissolution of the basal layer begins. Where a difiereAt 
substance is contained in each layer, tiie substances are rdeased sequentially. 
The two layers can be made to have different dissolution rates .or swelliqg 

25 rates, resulting in one release rate for the substance or substances in tiie 

basal adhesive layer, and anptiier release rate for tiie substance or substances 
in die upper polymer layer. If, for instance, tiie dissolution rate of the 
upper layer is slower tiian that of tiie lower layer, the resulting release 
regime is of a slow release of the substance in the upper layer, followed by 

30 a relatively rapid release of the substance in the basal layer. Or, 

alternatively, tfie two layers can have approximately die same dissolution 
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rates, but be loaded mfh the substance at different concentrations, resulting 
in a higher rate of delivery from that layer having the substance present in 
higher concentration. 

Fig. 5 shows a rough diagrammatic plot of the release of active over 
5 time from a device made on the plan in Fig. 1. As will be appreciated, die 
different rates need not be linear, nor need the break between the rates be 
abrupt as shown. 

Sudi a configuration can be useful in a breath freshener for oral use, 
by way of example, in which the basal layer can have a relatively slow 

10 dissolution rate and can be loaded with an antimicrobial, while the upper 
layer can have a relatively fast dissolution rate and can be loaded with a 
flavor or a reodorant. Such can result in a rapid release of flavorant or 
reodorant after emplacement in the mouth, followed by a slower release of 
the antimicrobial. Or, both layers can be loaded with a microbial, resultiiiig 

IS release in an early burst followed by a more sustained deliveiy. 

In one embodiment of this configuration, the basal layer is made <rf a 
polymer that becomes sticl^ on moistening, such as, e.g., HFC or PAA. 

In a modification of this configuration, the two layers described above 
can constitute middle and upper layers, respectively, of a three-layer device 

20 that is provided with a basal layer that is a water-soluble pressure-sensitive 
adhesive, so that die device need not be moistened prior to placement witiun 
the body cavity. As is described above, suitable compositions for sudi an 
adhesive layer include PVP as a polymer (95 - 65 weight %) and glycerine 
as plastidzer (5 - 35 weight %). 

25 b. Device providing delayed-onset ddivery: 

Referring now to Fig. 2, tiiere is shown a device 20 having a 
basal adhesive layer 22 which in use adheres to the mucosal surface M, a 
middle substance-containing water-soluble layer 26, and an upper layer 28, 
not containing the substance, that dissolves relatively slowly in the fluid 

30 environment of the body cavity. As in flie device shown in Fig. 1, the 
adhesive layer is a wat^-soluble adhesive, which may be a mucoadhesive 
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that becomes tacky when moistened. More preferably, the basal adhesive 
layer is a water-soluble pressmie-sensitive adhesive as described above; and 
in some embodiments the middle layer is eliminated and the substance to be 
delivered in loaded into the adhesive layer. However, where loading is so 
5 high (upwards of 25 % by weight, for example) that it would compromise 
the adhesive capacity of the adhesive layer, a system having the substance to 
be delivered loaded in a middle layer can be preferred. 

Fig. 6 shows a rough plot of the amount of active released over time 
from a device made on the plan of Fig. 2. Here, as in Fig. 5, the rate need 

10 not be linear, nor need the onset be abrupt as shown. 

Such a delayed-onset release configuration can be useful, by way of 
example, in a breath fr^eshener that can be emplaced in the mouth before 
retiring for sleep, and which provides for release several hours later, so that 
the breath is fiiesh upon waldqg. 

15 c. Device providing pulsed delivery: 

A more complex rdease pattern can be adiieved using several 
layers, in which alterii^ layers contain the active, as shown by way of 
example in Fig. 3. The basal adhesive layer 34 of device 32 can be made, 
as in the devices of Figs. 1 and 2, either as a moistenable adhesive, or as a 

20 water-soluble pressure-sensitive adhesive. A moistenable adhesive may be 
preferred for reasons of greater stability. Basal layer 34 adheres to mucosal 
surface-M when the device is in use and contains a substance to be 
delivered. Layers 36, 38 contain a substance to be delivered, while - 
alternating layers 35, 37 are slowly dissolving layers not containing the 

25 substance. 

Fig. 7 shows a rough plot of the amount of active released over time 
from a device made on the plan of Fig. 3. Here, as in Figs. 5 and 6, die 
rates for each delivery phase need not be linear, nor need the onset be 
abrupt as shown. 

30 Sudi a configuration can be useful, for example, in an oral afier- 

meals breath freshener, whidi provides for release of a flavor or reodorant 
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or deodorant at intervals corresponding with post-mealtimes, with no release 
during mealtimes or at other times. 

Such a configuration can be useful, to dte anoflier example, for 
pulsed deliv»y of actives that can be toxic if administered continuously. 
5 Such actives include, by way of example, anti-bacterials sudi as Cetyl 

Pyridinium Chloride C'CPC); pulsed release can give adequate antibacterial 
protection without raising toxicity concerns. 

d. Device having suppressed maiginal release. 

In any of tfie devices described above, dissolution at the edges 

10 or margins of the device, as well as from the upper surface, can be expected 
to result in release of the substance or substances within die layers whose 
edges are es^osed. Loss of the desired release pattern can result, 
particularly where, as in Fig. 2, delayed onset is desired, or where, as in 
Fig. 3, pulsed release is desired. To minimize loss from the margins, a 

15 peripheral adhesive can be provided, as shown in Fig. 4, by way of example 
of a delayed onset release device having a marginal adhesive. Hie device 40 
includes a moistenable mucoadhesive laya 44 containing the substance or 
substances to be ddivered, which in use adheres to the mucosal surface M, 
and which is oveiiain by a water-soluble pressure-sensitive adhesive layer 46 

20 whose edges extend beyond the edges of the mucoadhesive layer 44 on all 
sides and there adhere to the mucosal surface, forming a seal to prevent 
escape of the substance from the edges of the mucoadhesive layer 44 until 
the water-soluble pressure-sensitive adhesive layer has dissolved. The 
water-soluble pressure-sensitive adhesive layer is in turn covered by a slowly 

25 dissolving layer 48 not containing the substance. The slowly dissolving 
layCT 48 provides a delay before the water-soluble pressure-sensitive 
adhesive begins to dissolve, which in turn prevents release of tiie substance 
until the upper surface of the substance-containing mucoadhesive layer is 
exposed. 

30 Examples of substances tfiat can be delivered witfiin die oral cavity 

include: reodorants such as peppermint oil and other flavors, deodorants 
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sudi as for exainple the odor-preventive antimicrobial CPC, anti-bacteriak 
sudi as chlorhexidine, sore*throat medicants such as Hexylxesordnol/Phenol 
derivatives/Menthol, cough suppressants sudi as Dextrathomorphan 
Hydochloride, agents to prevent mouth dryness, benzocaine for treatment of 
S rhinitis, etc. 

3. Particular devices. 

Example n 

Two-layer device having a water-soluble pressure-sensitive adhesive layer 

10 A twO"layer device according to the invention was made according to 

the following protocol. First the necessary components (polymers, 
additives, etc.) for each Vaya were dissolved or dispersed in an appropriate 
solvent For an upper layer, the casting solution in one prototype consisted 
of 41 parts isopropyl alcohol C'IPA'Of 40 parts watn, 14 parts 

15 hydros^propyl cellulose CHPC**) EF (MW - 80,000), 2.4 parts 

peppermint oil and 2.8 parts Aspartame. The casting solution for the basal 
layer consisted of 79 parts IPA, 15 parts poly(vinyl pyrrolidone) (-PW) 
(KoUidon 90), and 6 parts glycerin. Each of these two casting solutions was 
coated onto a polyester release liner, to provide a substratum for forming the 

20 layer, at the desired thicknesses of 50 mils for the uppn layer and 25 mils 
for die basal laya. The layers were then allowed to dry on tfie respective 
release liners ovmiight (at least 15 hours) at room temperature inside a 
hood). The dry films were then careiuUy hand-lamiiiated togethw to provide 
a two-layer system consisting of a non-tacl^ upper layer containing the 

25 substances to be released, and an adjacent tacl^ pressure-sensitive-adhesive 
soluble basal layer. 

Alternatively, manufacture of the pressure sensitive adhesive device 
can be carried out by extruding a blend of the components for each layer 
through a slit die to form a thin film. The upper and basal films can tiien be 

30 laminated together through rollers, with the tacli^ layw protected by a 
release lin^ from contact with the rollers. 



wo 95/05416 



PCTAJS94/093a5 



-32- 

Altematdy, the substances to be defivered (e.;., peppemuiit dl or 
oihcr printable material or matmals) can be printed onto an extruded pure 
HPC EF or other similar extruded film, as described in Miranda ef oL U.S. 
Patent No. 4,915,950, which is hereby incoiporated by reference. 

5 Example ID 

Two-layer device having a moistenable mucoadhesive layer, and 

capable of delivering at two different constant rates 
An alternative two-layer device according to the invention was made 
as follows. The upper layer was made by first co-dissolving HPC HP and 

0 CFC in IPA in the following proportions: 10 parts HPC EF, 0.135 parts 
CPC, and 90 parts IPA. The solution was then coated at a thickness of 15 
mils onto a polyester release liner, and allowed to dry at room temperature 
overnight (at least 15 hours). This film formed an upper layer having a dry 
thickness of 1.5 mils. The basal layer was made by first co-dissolving HPC 

5 EF, CPC and IPA in the following proportions: 2 parts HPC HP, 0.0054 
parts CPC, and 98 parts IPA. The solution was then coated at a thickness 
of 50 mils onto a polyestw rdease liner, and dried in an oven at 70 *C for 6 
hours. The dry film was then collected and ground to a coarse powder 
using a mortar and pesHe. This powder was ften pressed in a heated Carver 

D laboratory press to form a film having a thickness about 2 mils. Hien the 
upper (EF) and basal (HF) films were laminated together and then bonded 
by compressing in a heated (275 ^F) Carver press. 

Example IV 
Multilayer device providing pulsed release . 

5 A multilayer device was made by first co-dissolving poly(vi]iyl 

propylene) CPVP") (K 90), glycerine, methylene blue and IPA in die 
following proportions: 7.2 parts PVP (90), 2.8 parts glycerine, 90 parts 
IPA and 0.030 parts methylene blue. The solution was coated onto a 
polyester release liner at a thickness about 25 mils wet, and then dried at 

) room temperature for 15 hours. The resulting dry film constituted the active 
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layer material. A second film was prepared by pressing HPC EF powder to 
a fhickness of about 4 mils, using the heated Carver press. 

The PVP/glycerin/methylene blue film and the HPC EF film were 
then arranged in alternating fashion to produce a laminate of six layers, 
5 three containing and three not containing the substance to be delivered. The 
PVP/glycerin/methylene blue layers served as an adhesive to bond the 
laminate composite, and served as a reservoir for the substance (methylene 
blue, in this illustrative example) to be released from each layer as it 
dissolved. The HPC EF layers provided for periods of time between 
10 rdeases, providing the pulsed release jprofile. 

Example V 
Delayed-Onset device 
A delayed-onset device was made by first blending hydroxyprop^ 
cellulose (HPC LF) and soibitan monostearate (SPAN 60) as diy powders in 
IS a 1:1 ratio by weigfht. This blend was pressed using a heated Carver press 
at 

200 ^'F to a thickness of IS mils. Hie resulting polymer film was flexible 
having a waxy, hydrophobic surfiure. 

An adhesive film was made by blending the following components: 
20 HPCMF 1.0 gram 

KoUidon PVP (K90) 2.0 grams 
Glycerin 2.0 grams 

After blending at room temperature, the resulting mixture was pressed in a 
heated Carver press at 200 ""F to a thidoness of 10 mils. This adhesive layer 
2S was used to adhere the HPC LF:SPAN 60 film to the top layer of tiie 2S 
min. breath disc described above in Example n. 

The multilayer disc was tested over-night by adhering the disc to the 
upper palate just prior to going to sleep for the night. There was no 
noticeable mint flavor initially and during the several minutes thereafter 
30 before actually falling asleep. Approximately 5.S hours later, however, the 
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disc rdeased a burst of peppenniiit oil into flie mouth strong enough to 
stimulate and awaken the wearer. 

Device for Controlled Release of Substance 
5 within a Mucosa-Lined Body Cavity 

Any of a variety of devices, in any configuration and for any intended 

use when emplaced within a body cavity of a subject, are within the scope of 

the claims. The invention is illustrated below by way of example only; the 

examples are not intended as limiting the scope of applicants' contribution to 

10 the art, and other types and arrangements of devices aie within fiie scope of 

die invention. 

Example VI 

Laminated Composite Device for Deliveiy of Antimicrobial 
By way of example of a device according to the invention that can be 

15 affixed to a mucosal surface of a body cavity to provide delivery of an 

active substance into the body cavity. Fig. 12 shows generally at 70 a device • 
having a basal water-soluble pressure-sensitive adhesive layCT 72, and an 
overlying polymer layer 74 containing the active substance 78. The device 
is shown removably affixed by the adhesive surface to a release liner 76. 

20 . The adhesive layer can be constructed as follows. An HPC polymer 
is thoroughly mixed with a poly vinylpyirolidone ("PVP") polymer, with 
glycerol as a plastidzer, with a food colorant, and widi a preservative- 
(BHA), and the resulting mixture is formed and pressed to a thickness of 
5 mils. For this particular example, the components were mixed in the ' 

25 following proportions. 
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PVP (K90) 47.0 % 

Glycerin 37.0 

Klucel HPC GF 16.0 

FD & C #40 0.024 

S BHA 0.0020 



Hiis resulting adhesive film was then laminated to the active 
containing film, described below, to form a bilaminate composite 30 mils 
fliick. Disks having diameter 1/2 inch were then die cut fix)m the bilaminate 
composite. 

10 Disks formed as described above, 1/2 inch in diameter and 30 mils 

thick have an active substance-containing layer weighing approximately 
100 milligrams. 

The active containix^ layer can be constructed as follows. Using 85 
grams of ethyl alcohol as the solvent, 13.5 grams of hydrdiyprppyl cellulose 
15 (HPC EF) was dissolved with stirring with 1.5'g CPC. Tlie mixture was 
blended until uniform, at which time the fliickened solution was cast as a 
film onto a rdease liner and left in a hood overnight to allow the solvent to 
evaporate, forming a dried film. The dried film was pressed using a heated 
Carver press to form an active containing layer of 25 mils thickness. 
20 The tack and work of adhesion of the adhesive surface of the device 

as described in this example, as an indication of its adhesive properties, was 
measured for three samples as follows. 

Sanq>le 1 peak: -0.561 kg; area:-0.0177 kg 
Sample 2 peak: -0.420 kg; area:-0.0097 kg 
25 Sample 3 peak: -1.306 kg; area:-0.0352 kg 

Example VU 
Protective Barrier Device 
Additionally by way of example of a device according to tiie 
invention that can be affixed to a mucosal surface of a body cavity to 
30 provide a protective barrier for the underlying mucosal surfoce. Fig. 13 
shows generally at 80 a device having a basal water-soluble pressure- 
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sensitive adhesive layer 82, and an overlying protective layw 84 constructed 
of a relatively abrasion-resistant water soluble polymer. The device is. 
shown removably affixed by iht adhesive surfieice to a release liner 86. 

In fliis example, the adhesive layer can have the composition, and can 
5 be constructed, as described generally above and particularly, for example, 
as desciibed for the adhesive layer of Example VI. 

The overlying protective layer can be constructed, for example, of a 
water soluble polymer as would be suitable for an active containing layer for 
delivery into the body cavity; and the protective layer can be constructed as 
10 desciibed generally and particularly above. Particularly suitable pdymers 
indude for example HPC HF, polyvinyl alcohol CPVA"), and 
hydroxymetiiyl cellulose. 

A device made according to this example can be used, for example, 
as a temporaiy covering for an area of injury to the mucosal surface, sudi as 
15 an area of cheek of lip tiiat has been abraded or cut. Or, flie device can 
provide an abrasion preventive for areas of mouth tissue that are subject to 
abrasion by, for example, orthodontural devices. 



Long'Lasting Mucoadhesive Device for Temporary 
20 Relief of Sore Throat anil rough 

1. Construction of the device 

Preparation of a mucoadhesive disc for containiqg a sore throat 
medication. 

A medication-containing mucoadhesive laminated disc accoidii^ to 
25 die invention can be made by forming and tiien laminatii^ an adhesive film 
and an active substance-containing polymer film genmlly as follows. 

a. The adhesive layer. A water-soluble adhesive layer can 
be formed from an adhesive polymer film, according to the following 
general protocol. First, the polymer (or polymers). and the plastidzer are 
30 thoroughly mixed, using where necessary a suitable solvent such as ethyl 
alcohd. Where a solvent is used, tiie resulting mixture is tiien coated on a 
rdease liner, and the solvent is allowed to evirate to produce a dry film. 
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Dry film samples are then collected and pressed to the desired final film 
thickness. Where no solvent is used, the mixture can be pressed to a film of 
the desired thickness. 

b. The active substance-containing layer. First, the 

5 polymers and one or more desired active agents and one or more desired 
flavorants are dissolved, for example by stirring, in an appropriate solvent* 
llien the resulting thickened solution is formed into a* thin (wet) film, for 
example by casting onto a release liner, and then the solvent is permitted to 
evaporate to a dry film. Then the dry film is pressed to a desireid thickness 
10 and is afiixed, for example by pressing, onto an adhesive layer prepared as 
described above. 

Hydroxypropyl cellulose (HPQ can be a i)articularly suitable polymer 
for construction of tfie active^ntaining layer. HPC dissolves completely in 
aqueous fluids sudi as the fluids of the oral cavity, and widiin a sdected 

15 range of molecular weights, HPC dissolves (or disperses) in fhe oral cavity 
suffidenfly slowly to provide substantiaUy continuous delivery of the active 
substance aver an extended period. HPC is flexible, so that it conforms, 
well to irregular curved surfaces of the oral cavity; HPC is not tacky when 
moistened, and has a pleasant texture in the mouth. It is thus comfortable 

20 and unobtrusive for the user. HPC blends well widi a variety of lactive 
substances. 

Glyovol, whidi may be added as a plastidzer in the active-containing 
layer, may additionally (or alternatively) act to inhibit crystallization of some 
active substances that might otiierwise occur at the loading concentrations 
25 employed (for example, menthol). 

c. Laminated devices are then cut from the laminated film 
by, for example, die-cutting, to the desired size and shape. Typically, 
circular or oval shapes may be preferred. The devices can be stored on a 
release liner affixed to the adhesive surface, and removed from the Una as 

30 needed by the user. 
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A la m i n ate d device according to the invention may be biUuninate, 
having an adhesive I^er and an active-containing layer, as shown for 
exanq)le in transverse sectional view in Fig. 8. Or, the device may be 
trilaminate, having a third water soluble layer, poorly permeable to the 
5 active substance, interposed between the adhesive layer and the active- 
containing layer, as shown for example in transverse sectional view in Fig 9. 
This layer may be made of a material such as for example polvinyl acetate 
("PVAc") or ethyl cdlulose, or such, for example, one of the Eudragit 
£unily of pdymethaaylic copolymers commerdally available from Rohm 
10 (e.g., Eudragit SlOO, LlOO, ElOO, LlOO-55). TTie Eudragit polymethaaylic 
copolymers are diaractoized by being variously soluble at various pH; 
Eudragit SlOO has a suitably low solubility at the typical pH of the normal 
human saliva. The interposed thhrd layer may where desired be made more 
flexible by addition of a plastidser such as, for example, glycerine, in 
15 amount up to, for ncample, about 20 %. 

Riming now to Eig. 8, a bilaminate device 50 includes a polymer 
layer 52 containing the active substance 54, laminated onto an adhesive layer 
56. The device is shown removably af&red to a xdease finer 58. 

Refemng to Fig. 9, a trilaminate device 60 includes a third polymer 
20 layer 72, poorly permeable to the active substance, laminated betwem 
polymer layer €2 containing the active substance 64, laminated onto an 
adhesive layer 66. TTie device is shown removably a£5xed to a release finer 
68. 

2. Use of Ae device 

25 As the need for refirf of sore throat or cough arises, the user simply 

peds a laminated device away from the release finer, and affixes it to a 
surface within the oral cavity. It can be preferred to afRx the device to the 
mucosal surface at the roof of the moudi, as that provides for direct flow of 
the active substance toward the rear of the mouth and the throat. 

JO The following examples, are intended for'iUustration only, and are 

not intended to limit the scq)e of the invention. 
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Example Vm 
Disc for Delivery of Cineole 
The active containing layer was constructed as follows. Using 80 
grams of ethyl alcohol as the solvent, the following materials were dissolved. 
5 with stirring in order of appearance: 



Glycerin LO grams 

Cineole 1.0 grams 

Aspartame 0.3 grams 

Menthol 1.7 grams 

10 HPC Klucel LF 16 grams 



The mixture was blended until uniform, at whidi time the thickened 
solution was coated to a thickness of SO mils wet onto a release liner and left 
in a hood overnight to allow die solvent to evaporate, forming a dried film. 
The dried £lm was pressed using a Carver presis under 20,000 p.s.L at 
15 200 7 for 1 - 2 min., to form an active containing layer of 25 mils 
thickness. 

The adhesive layer was constructed as follows. An HPC polymer 
was thoroughly mixed with a poly vinylpyrrolidone (•'PVP") polymer, witih 
glycerol as a plastidzer, widi a food colorant, and widi a preservative 
20 (BHA), and the resulting mixture was formed and pressed to a thickness of 
5 mils. For this particular example, the components were mixed in die 
following proportions. 

PVP (K90) 47.0 % 

Glycerin 37.0 
25 Klucel HPC GF 16.0 

FD&C#40 0.024 
BHA 0.0020 
This resulting adhesive film was then laminated to the active 
containing film, described above, to form a bilaminate composite 30 mils 
30 thick. Disks having diameter 1/2 inch wext then die cut from the bilaminate 
composite. 
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Disks fonned as described above, 1/2 indi in diameter and 30 mils 
thick have an active substance-containing layer weig^ng approximately 
100 milligrams. Such a layer (and the disc) therefore contains 
8.5 milligrams of menthol and 5 milligrams of dneole. 
S Example IX 

Disc for Delivery of Dyclonine HQ 
The active containing layer was fonned as follows. Using 80 grams 
of ediyl alcohol as tiie solvent, the following materials were dissolved with 
stirring in order of appearance: 
10 Glycerin 2.0 grams 

Dyclonine HCl 0.6 grams 

Mentfad 1.0 grams 

Aspartame 0.3 grams 

HPCKIucelLF 16.1 grams 

15 The mixture was blended until uniform; at which time the «Mrl»nfd 

solution was coated to a thickness of 50 mils wet onto a lelease liner and left 
in Ae hood omrnght to allow the solvent to evqxnate, forminig a dried 
film. 

The dried film was pressed using a Carver press under 20,000 p.8.i. 
20 at200*Ffbrl-2 min., to 25 mils thickness. This piessed film was then 
laminated to an adhesive film, 5 mils thick, made as described in Example 
1, to form a bilaminate composite. Disks having diameter 1/2 indi were 
then die cut fi-om the bilaminate composite. 

Disks formed as described above, 1/2 inch in diameter and 30 mils 
25 thidc have an active substance-contaimng layer weighing approximatd^ 
100 milligrams. Sudi a layer (and die disc) thnefbre contains 5 mg of 
mendiol and 3 mg of Dydcmine HCl. 



wo 95/05416 



PCTAJS94/09305 



-41- 

Example X 

Comparison of release of Dydonine HCl from a mucoadhesive disc 
and from a Sucretsf lozenge: disc affixed to glass. 

The release profile of Dydonine HQ into water from a prototype 

5 mucoadhesive disc according to the invention and from Sucret^ lozenge 

were conq>ared as follows. 

A Sucret^ lozenge containing 3.0 mg Dydonine HQ was placed in a 

Pyrex? flask. A laminated disc made as described in Example 2 above, and 

containing 3.0 mg Dydonine HQ, was removed from the rdease liner and 

10 affixed to the inna sin:face of a second Pyrex^ flask by pressii^ ^ 

adhesive surface onto the flask wall. 100 ml deionized watw at 25 ®C were 

added to the flasks and tiie contents of the flasks were stirred priodicaDy. 

Thereafter sample aliquots of the aqueous phase were removed from 

eadi flask at intervals, and analyzed using UV spectroscopy to determine tibe 

IS amount of Dydonine HQ released. 

The resulting release profiles for both the prototype mucoadhesive 

disc and the Sucrets lozenge are shown in Fig. 10. Fig. 10 shows the 

cumulative release of Dydonine HQ into die water. Although botii dosage 

farms initially contained equivalent amounts of Dydonine HQ Q.O mg), the 

20 disc gives an appreciably extended and more uniform delivery of the 

Dydonine HQ. 

Example XI 

Release of Dydonine HQ from a mucoadhesive disc into a inucous 
surface to which the disc is affixed. 

25 In this Example, a prototype mucoadhesive disc containing Dydonine 

HQ according to the invention was affixed to mucous tissue and the quantity 
of Dydonine HQ rdeased into the mucous tissue over an extended time was 
determined as follows. 

A laminated disc was made generally as described in Example K 

30 above, except that it was die cut to 3/8 indi diamet^ so fliat it contained 
1.11 mg Dydonine HQ. The disc was removed from the release liner and 
affixed to a piece of palate tissue tpordne palate) by pressing the adhesive 
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sur&ce of the disc onto a surface of the palate tissue. Then the palate tissue 
widi the disc afiSxed was immersed in deionized water at 25 in a flask 
the contents of the flask were stirred prior to removing the sample. 

After 2 hours, the disc was removed from the palate tissue and die 
S disc was returned to the flask and allowed to dissolve completely (with 
stilling). Then the amount of Dydonine HQ in the water was measured. 
The Dydonine HQ not accounted for was taken to be an amount that had 
been delivered to die palate tissue. That is, die diffeienoe between the 
amount of Dydonine HQ initially present in die disc and die amount diat 
10 was released into die water is the amount released into the mucous tissue. 
The results are shown in Table I. 



Tablel 

15 Dydonine HQ initially in die disc 1.11 mg 

Dydonine Ha released to water 1.04 mg 

Dydonine HCl not accounted for .07 mg 

As Table I diows, after the disc had been affixed to die mucous tissue 
20 and suspended in water for 2 hours, only 0.07 mg of Dydonine HCl (5.8 % 
of the total amount initially contained in the disc) was unaccounted for in the 
water^ and presumably had difiused into the palate tissue. 

Example XII 

Inhibition of release of Dydonine HCl from a trilaminate 
25 mucoadhesive disc into a mucous surface to which the disc is afiBxed. 

In this Example, a prototype mucoadhesive disc containing Dydonine 
HCl according to the invention was constructed with a third layer intexposed 
between the adhesive layor and the active substance-containing layer^ for 
30 limiting the rate of movement of the active substance into and durou^ die 
adhesive layer. The trilaminate disc was affixed to mucous tissue and the 
quantity of Dydonine HCl rdeased into the mucous tissue over an extended 
time was determined as described in Example XI. 



wo 95^5416 



PCT/US94/093a5 



-43. 

A laminated disc was made generally as described in Example IX 
above, except that a thin film (5 mil thickness) of a polymethaciylic 
copolymer (Eudragit SlOO) was laminated between the adhesive later and the 
active substance-containing layer, and the disc was die cut to 3/8 indi 
5 diameter so that it contained 1.02 mg Dydonine HCL The trilaminate disc 
was removed from the release liner and affixed to porcine palate tissue, and 
the rdease to die palate tissue was detmnined as described in Exanaple XI. 
The results are shown in Table 11. 

10 ~ ■ 

Tablen 

Dydonine HQ initiany in the disc 1.02 mg 

Dyclonine HQ released to water 0.98 mg 

Dydonine HQ not accounted for .04 nue 
15 . ^ 

As Table n shows, after the disc had been affixed to Ibc mucous 

tissue and suspended in water for 2 hours, only 0.04 mg of Dyclonine HQ 

(3.9 % of the total amount initially contained in the disc) was unaccounted 

for in the water, and presumably had diffused into the palate tissue. Tlie 

20 interposition of the limiting layer between the Dyclonine HQ-containii^ 

layer and the adhesive layer reduced the amount of Dydonine HQ diffused 

into the palate tissue from 5.8% to 3.9%. 

Example Xm 

Comparison of release of Dydonine HQ through a semipermeable 
25 membrane from a trilaminate mucoadhesive disc and from a 

bilaminate mucoadhesive disc to which the disc is afHxed. 

In this Example, bilaminate and trilaminate mucoadhesive discs 

containing Dydonine HQ according to flie invention were constructed 

generally as described in examples XI and Xn. The discs were afiixed to a 

30 senupermeable membrane, and the quantity of Dydonine HQ rdeased 

through the membrane over an extended time was determined as. described in 

Example 4. Briefly, the disc (1/2 inch diameter) was placed in a horizontal 

Franz cell (7.S ml capadty) separated by a mesh barrier (JO fim Teflon), by 
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afiBxing an adhesive surface of the disc onto the mesh banier. Both sides of 
the cell were filled witfi nano-filtered water; water in the ''donor" side of die 
cell bathed the surface of the active layer, and water in the ^receiver'' side 
of the cell bathed the mesh barrier. The results are shown in Table m. 

5 . 

Table m 





Sample 


Dydomne Rdease 


Bilaminate disc 


1 


9.65 % 


Bflaminate disc 


2 


10.91 % 


Bilaminate disc 


3 


8.82 % 




Mean 


9.79 ± 1.05 % 


Trilaminate disc 


1 


1.45 % 


Trilainiiiate disc 


2 


1.43 % 


TtiUuninate disc 


3 


0.30% 




Mean, 
Samples 
1&2 


1.44 ± 0.014 % 



As Table HI shows, the total quantity of Dyclonine passing from tiie 
active-containing layer into and through the adhesive laya and then throng 

20 the semipermeable membrane was greatly reduced by inteiposition of Ae • 
occlusive layer between the adhesive laya and the active-containing layer. 
Particularly, in three experiments for each disc typo (bilaminate and 
trilaminate) shows an average decrease in the release of Dydonine HQ into 
the receiver side, from 9.79 ± 1.05 % to 1.44 ± 0.014 %, after a period of 

25 two hours. 
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ExampleXIV 

Release of benzocaine into distilled water from a mucoadbesive disc 
according to the invention: effect of different molecular wdght of 
pol3fmer in the benzocaine-containii^ layer. 

5 &i this Example, bilaminate mucoadhesive discs containing benzocaine 

were constructed generally as described in Example IX, substitutiqg 

benzocaine for Dydonine. Discs were made using HPC both at the same 

molecular weight as described in Example 2 (80 k), and at a higher 

molecular weight (300 k), and the release into distilled water was tested as 

10 described in Example X. The results are shown in Kg. 11, These results 

show a decrease in release rate of benzocaine with increasiqg molecular 

wei^t of HPC in the active-contaimng kgnsr. 

ExanqdeXV 

Transport of Dydonine HQ and of benzocaine through pig mucosa. 
IS In this example, bilaminate mucoadhesive discs, containing as an 

active substance benzocaine or Dydonine HQ, were affixed to porcine 
buccal mucosa and mounted on Franz diffusion cdls as described in 
Example Xm. Average amounts of active substance was measured nriwg 

HPLC, and pereents were expressed as a percent of the total initially in the 
20 disc. 

Particularly, the donor side of the cell was filled with pH 6 buffer and 
tile receiver side was filled witii phosphate buffered saline ("PBS'O. 
Samples were taken from tiie receiver side evciy thirty minutes for three 
hours, and tiie samples were analyzed by HPLC. The average amoum and 
25 the average percent of acdve substance appearing in the lecdvear side after 
three houn are shown in Table IV. 
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TablelV 





Average Amoimt 


Avenge % 




Delivered 


TianaportBd 




ifig/cnP) 


IS % Benzocaine 


284.63 


3.29 


15 % DydonmeHa 


282.77 


3.94 



Hw average amount delivered reflects the cumulative amount of drug 
transported through die mucosa over the three hour period. Hie average 

10 percent delivered represents the cumulative amount of drug transported, in 
terms of percent of drug contained in the device at the outset The data 
show that very low values of benzocaine or Dydonine HQ were ttansparted 
through the tissue, and demonstrate tiiat sudi devices, fdaced witiun a 
mucosa-lined body cavity, such as die oral cavity, can be expected to deliver 

15 relatively litde of such active substances dirough die mucosa during die 
period diat die active substance is administerBd into die body cavity itsdf. 

ExaoqileXVI 

Transport of Dydonine HQ and of benzocaine dixough human 
stratum commm. 

.20 In diis naniple, bilaminate mucoadhesive discs, containing as an 

active substance benzocaine or Dydonine HO, were aiSxed to human 
stratum comeum and mounted on Franz diffusion cells. The donor side of 
die ceU was filled widi pH 6 buffer and die receiver side was filled widi 
PBS. Samples were taken fix)m the receiver side and analyzed using HPLC, 

25 and die aven^ge amount and percentage of active substance appearing in die 
receiver ceU were determined. Tbe average amount and die average peraeot 
of active substance appearing in die recover side are shown in Table V. 

For bodi benzocaine and Dydonine HQ die amount of active 
substance ddivered dirough die human stratum comeum (Example XVI) is 

30 lower dian die amount of active substance delivered through die pig buccal 
mucosa (Example XV). For administration of Dydonine HQ or boizocaine 
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into the oral cavity of a human subject, so that the active substance is 
carried by the saliva to the irritated tissues of the mouth and throat, it is 
desirable to limit the amount of active substance delivered throng die and 
mucosal surface to which the device is affixed. PrefiBrably a device ibr 
5 delivery of active substances for relief of cou£]i and sore throat iff afiBxed to 
the palate, llie transier coeffident for hunian palate tissue is lower tiian 
that for pig buccal mucosa and higher than that for human stratum conieam, 
and Examines XV and XVI dius provide an approximate nmge within whidi 
the extent to whidi deliveiy of active substances across the underlyiqg 
10 human palate mucosa can be expected to M. For a device according to the 
invention, affixed to the palate, the great majority of benzocaine or 
Dydonine HQ can be expected to be delivered into the oral cavity. 



Table V 



15 





Average Amount 


Avenge % 




Delivered 


TraniispQiled 




Oig/on?) 


15 % Benzocaine 


255,56 


2.42 


IS % Dydonine HQ 


14.60 


0,18 



20 ^iteiposition of a third kyw, rdativdy inq)eimeable to the active 

agoit, betwem die active agent-containing layer and the adhesive layer, as 
described for example in Example Xn, can reduce fortfaer the quantity of 
active agent passing through the mucosa. As die results in Examples XV 
and XVI show, however, a bilaminate system can be suitable for deliveiy. 

25 

Long-Lasting Mucoadhesive Devioft fnr Admimstratitm 
of Breath-F«ssheninp Ay^itf 

Generally, the breatii freshening device accordiiig to die invoitioa is 

constructed as a la min a t ed con^osite including a basal adhesive layer 

30 con^cted of a water soluble pressure sensitive mucoadhesive composition; 

and an odorant containing layer ccnistructed of a water soluble polymer 
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mixed with the odoraiit. Optionally the device may include a tfaiid layer, 
inteiposed between the adhesive layer and the odorant contaimng layer, 
constniclcd of a water soluble polymer that is substantially impermeable or 
is poorly permeable to the constituents of the odonmt. 
5 The device may be made by forming the respective layers as films 

and then laminating the films, and finally cutting (as, for example, by die 
cutting) tiie device firom the laminate. 

Hie films may be made from polymer mixtuies by any of a variety of 
techniques known in tiie polymer fibn-forming art, including castiqg, 
10 calendariiig, coati]^, and extrusion. Batch processiqg techniques may be 
employed, but for large scale production, continuous processing can be 
preferred. Die extrusion tiirough a slit is a particulariy suitable continuous 
processing technique for making die fihns for use in tiie devices accoidiqg to 
the invention. 

15 Lamination may be carried out by contacting tiie films and applying 

pressure. Laminated films may be made in small quantities by use of a 
press, but for continuous processing tiie fihns can be pressed togetiier usufg 
one or more rollers. Heat may be q)plied to tiie films as tiiey are biou^ 
togetiier, for example by heating tiie press or by heatiqg tiie roller or rollers. 

!0 

Referring ^gain now to Fig. 8, a bilaminate device configuration 
according to tiie invention suitable for a breatii freshening device is shown 
generally at 50. The device includes a basal adhesive layer 56 constructed 
of a water soluble pressure sensitive mucoadhesive composition, and an 

5 upper odorant containing hyer S2 constructed of a water soluble polymer 
mixed widi tiie odorant 54. 

A trilaminate device configuration suitable for a breafli freshening 
deviceisshowngeneraUyat60inRg.9. Tlie trilaminate device includes a 
basal adhesive layer 56 constructed of a water soluble pressure sensitive 

) mucoadhesive composition, and an iq)per odonuit containing kyiff 52 

constructed of a water soluble polymer mixed wifli tiie odorant 54, generaUy 
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as in the bilainiiiate device shown in Fig. 8. The trilaminate device 
additionally includes a third layer 62, interposed between layer 52 and layer 
56, constructed of a water soluble polymer that is substantially impermeable 
or poorly p^meable to the constituents of the odoranL 
5 The devices as shown in the Figs, are provided with a release liner 

58, which is peeled away from the device just prior to use. 

Tlie content of the layers is described in greater detail below. 

1. The adhesive layer. 

Suitable GRAS certified polymers for use in tiie water soluble 
10 pressure sensitive mucoadhesives include poly(vinyl pyrrolidone) C'PVP*), 
poly(vinyl alcohol) C^PVA'*), hydroxy propyl ceUulose ("HPC*), 
poly(etfiylene oxide) C'PEO'*), poly(acryHc add) ("PAA"), polyacrylates 
such us Caibopol 934^ stardi and starch derivatives, pblysaccfaaxides, sodium 
caxbojg^tfayl cellulose C'Na-CMC"), xanthan gum, karaya gum, and 

15 gelatin, among others. Siuitable plastidzers include, for example and 
particularly for oral-mucosal contact and other use in the oral cavity, 
glycoin, sorbitol, any of the glycols, polysoibate 80, trietfayl dtrate, acetyl 
triethyl dtrate, and tributyl dtrate. 

' In particular embodiments the water soluble pressure sensitive 

20 mucoadhesive includes as a polymer PVP (about 30-60 wdght %), HPC 
(about 10 - 30 wdght %); and glycerin as a plastidzer (about 10-60 
weight %). In these formulations, the molecular wdght of the PVP is in the 
range about 30,000 - 1,000,000; and the molecular wdg)A of tiie HPC is in 
tiie nngc about 60,000 - 1,000,000. Sudi compositions adhere quiddy on 

25 contact and without mdstening to oral mucosal surfaces and to oral cavity 
prostheses or other devices of the poIy(metfiyl metiiaciylate) C'PMMA") 
type, and continue to adhere well to such sur&ces for extended times in the 
miUeu of the oral cavity. 

The water soluble pressure sensitive adhesive layer may take die form 

30 of a film which preferably is about 5*10 mils thick. 
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Prcfcrably the adhesive layer additionaUy includes a pieservative, 
such as for example BHA or BHT, in a suitable sman quantity. Hie 
adhesive additionaUy may indude a certified colorant. 
2. The odorant-containing layer. 
5 Suitable GRAS certified polymers for use in the odorant containiAg 

layer indude, particulariy, hydroxypropyl cellulose ("HPC"). 

The term "odonrnt", as used herein, refers to a substance or 
combination of substances whidi, when present in the fluids of a subject's 
oral cavity, impart a pleasing smdl to the person's exhalant breath. A 
10 breath fi«shening substance may woik in part by addition of a desirable odor 
to the breath, and in part as a "reodorant-. that is, by masking an unpleasant 
odor in the subject's breath, and the tenn -odorant" herein indudes sudi 
reodorant effecti. 

As is wdl recognized in the flavorist's art, the q^predation of flavor 
is a complex response, prindpally, to the senses of aroma and taste. &e 
generally, e.g., G. Reinicdus, ed, (1994), Source Book of Flavors, 2d Bd.. 
aiapman& Han (herein, the -&«rcePoakqrfW-). The various tasils 
(sweet, salt, smir, bitter) are due to nom^ohtile components of ibc flavor, 
while the aroma or odor is due to vobtileconqxments. Tlediemical 
makeup of a flavor, and particularly of the volatile components of a flavor, 
may be exceedingly complex, with a number of volatile components 
contribnting significantiy to the distinctive aroma. On the other hand, 
certain diemical compounds are by themselves when smdled reminis^ of 
a particular flavor, even where the flavor that is recalled is in flu:t complex. 

Sudi character in^ad compounds indude. for example. Menthd (having the . 
diaracter impad of peppennint); L<iirvone (spearmint); Methyl saHcylate 
(winteigreen); and Qtral (lemon). 

A straightforward way to provide desired odorant in the odorant- 
containing layer of a breath freshening device accoiding to the invention is 
to add to the polymer of the layer an essential oil (/.«., a volatile oil) of a 
pUmtmaterial. The &«rce 5a,* o/i^w,, describes essential oils that are 



20 
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in common use in the flavoring industry, including descriptions of metiiods 
for their industrial production and an account of their chemistry. 

Any of a variety of breath freshening odorants may be delivered to 
the oral cavity by adding into the polymer of the odozant-containing layer a 
5 flavoring that includes the odorant In at least some cultures, mint-like 
odorants are acceptable and even desireable on flie farea^t and accordingly 
die odorant containing layer of a suitable breath fieshening device can 
include a mint flayoringy as described more fully below. 

Prefoably the odorant containing layer additionally includes a 
10 preservative, such as for example BHA or BHT in a suitable small quantity. 
Optionally the odorant containing layer additionally includes a sweetener, 
most preferably a non*sugar sweetener, such as aspartame in a suitable small 
quantity. 

15 3; Mint odoranta. 

Mint odorants can be provided by essential oils derived by extraction 
and distillation from leaves and/or flowering parts of any of various plants. 
The composition of such distillates depends, among other things, upon fte 
species and variety of plant, as wdl as its geographical origin, and upon die 

20 method of extraction and degree of distillation. A variety of mint flavorings 
are described, for example in the Source Book of Flavors. They include, 
particularly for exanqple, oil of peppermint, the chief aromatic constituents 
of whidi are mendiol, menthone, and menthyl acetate; oil of speanmnt, tihe 
chief aromatic constituent of which is L-Carvone; and oil of winteigreen, tfie 

25 chief aromatic constituexit of which is Mediyl sali^late. 
4. Device fabrication. 

As pointed out generally above, the layers can be produced usiqg 
techniques known in the art of polymer film fabrication, by conventional 
batch process or by continuous process, as for example by conventional die 
30 extrusion through a slit Typically, for example, batdi processing can be 
carried out as follows. The contponents maldag up eadi layer (e.g., the 
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adhesive layer, or the odorant containing layer, or an intennediate layer) are 
blended togeth» either widi a suitable solvent to aid in mixing or, as may be 
more prdierable, without a advent. The blending may be carried out at an 
elevated temperature (particularly where no solvent is employed), to aid in 
5 homogeneous mixing of the components. The blended components of each 
layer are thereafter pressed to a film having the desired final Ixycr thickness 
using a heated Carver press. The resulting films are then laminated, for 
example by contacting them and applying pressure. 

Generally, for example, a conventional continuous die extnmon 
10 process entails feeding the components of the layer to an ntruder, such as a 
twin screw extruder. The extruder melt blends the components of tihe layer 
and then forces the blended mixture continuously ttrou^ a slit whose 
thickness is selected to provide tiie desired thickness in the resulting film. 
The individual films may be rolled for temporaiy storage before lamination, 
15 or the lamination may be carried out immediately following extrusion. The 
films are containuously laminated by bringing the films into contact and 
pressing them together over a rcdler or between rollers, whidi may as * 
tpprapnatc be heated to facilitate the lamination process. 

Individual devices are then cut fix>m the completed laminate, for 
20 example by punching or die cuttix^, and stored for use. 

Ihe examples that fdlow are presented by way of iUustration only, 
and are not meant as limiting the invention. 

Example XVU 
Construction of Device for DeUv^ of P eppermi nt 
25 This example illustrates the construction of a device for delivery of a 

refined (reduced) oQ of peppermint The oil of peppermint used in this 
cxBmpit is a ''Reduced Oil of Pqjpermint FCC/NF ''Rose Mitcham* 
which is commerdaUy available firom tiie A.M. Todd Company of 
Kalamaz oo, MI. It contains the following mint flavor components: 
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menthoAiran (GIX) 02.6 % 

mentfad 57.0 

mentfaone 24.8 

menthyl acetate 07.4 



5 As provided from the commercial source, this reduced oil of peppermint has 
a specific gravity .903, an optical rotation -28^ and a refractive index 
1.4600. It is soluble in ttree volunies of 70 % etfaanol. 
1. Construcdon of tfie odorant containing layer. 
In tins example, the odorant containing layer is constructed by 
10 - thoroughly mixing the peppermint oil (as described above), a non-sugar 
sweetener (Aq)artame), and a preservative (BHA) with a hydroxypropyl 
cellulose CHPC) polyma, and then extruding the odorant contaimi|g 
polymer mixture through a slit to form a film. Preferably a twin screw 
extruder is employed, and the components are continuously fed into die 
15 eadruder, in whidi die blending is efiected. Ih diis particular esaunple, die 
odorant containing laya has these ingredients in the fdllowiqg prqxxrtions. 



Klucd HPC GF 83.5 % 

Peppermint oU 15.0 
Aspartame UO 
.20 BHA 0.0083 



2. Construcdon of the adhesive layer. 

In diis exanq)le, the adhesive layer is constructed by thorougfily 
misdng an HPC polymer with a poly vinylpyrrolidone C'PVP'') polymer, 
25 with glycerol as a plastidzer, with a food colorant, and with a presovative 
(BHA), and then extruding the adhesive polymer mixture through a slit to 
form a film. In this particular example, the adhesive layer has these 
ingredients in the following proportions. 
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PVP (K90) 47.0 % 

Glycoin 37.0 
IQucdHPCGF 16.0 
FD&C#40 0.024 
5 BHA 0.0020 

The formed adhesive fihn and odorant containiqg film are then 
laminated by passing the films togethw between rollers undtf pressore, and 
the individual devices are die cut from Ae resiiltiqg laimn afftfi composite. 

10 Exaniple XVm 

Tadc and Adhesion Properties of the Adhesive Layer 
The properties of tadc and adhesion of the water soluble pressure 
sensitive mucoadhesive employed in the breath fresheninig device of tiie 
invention were tested as follows. 
15 An adhesive film was made generally as desaibed in Example XVn. 

Tack and work of adhesion were measured using a Texture 
Technologies TXAXTl Texture Analyzer in which a FMMA probe was 
used in place of the usual SS probe. A 5 mil thick adhesive film made as 
. 20 described in Example XVU was tested under the following conditions. 
Probe speed (penetration): LO mm/aec 
Penetration depA: 0. 10 mm 

Dwell time: 10 sec 

Probe speed (witfadrawaQ S.O mm/aec 
25 Probe diameten 0.80 cm 

All measurements were made at room tepmerature (20-25 *Q. 

The resulting trace of the force during withdrawal versiis time 
allowed for a determination for each sample of both the tack (the peak 
maximum, in Kg) as well as the work of adhesion (area under the peak 
30 curve, in Kg^sec). Films were tested dry as well as after moistening by 
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spraying the dry film sur&ce with a fine mist of distilled water, fdlowed by 
a resting time of 60 seconds to allow for hydration of the sample. 

In this example, the above test protocol was q>plied to films 
according to the invention indicated as ''BFD*' in the FigsO* and to 
5 constructed with the following compositions. 

•'279-190'': 60 % PEO 301; 30 % HPC MP; 5 96 EE; 3 % 

FG; 2 % PEG 400 (described in Sdiiraldi U.S. 
4,731;M3), 

-279-191*: 55.3 % NaPAA; 37.5 % HPC HF; 6.3 % 

10 Glycerin (described in Chang U.S. 4,373,036). 

"310-30B«": 40 % HPC HF; 35.5 % PVP 90 F; 20 % HPC 
LF; 2 % Mentha Oil; 2 % Menthol; 0.5 % 
Fennel Oil (described in IBsahige JP 63-209797). 
•*310^* 44.5 % PVP 90 F; 30 % HPC LF; 

IS . 10 % HPC HF; 10 % PEG 400; 2.5 % Mentfad; 

2.0 % Mentha Oil; 1.0 % Fennd Oil (described 
in Ifisahige JP 63*20979^. 
The results are shown in Hgs. 14 and 15. In these tests the adhesive 
fibn according to the invention is significantly more adhesive towaid the 
20 PMMA probe in the diy state (Le., before moistening) than did four odier 
formulations tested. Following moistening the adhesive film according to 
the invention was comparably adhesive or was more adhesive toward the 
PMMA probe flian were the other tested formulations. 

Example XK 

25 ' Flexibility of Odorant Containing Layer 

As noted above, water soluble polymers such a hydroxyprppyl 
cellulose that dissolve suitably slowly in the milieu of the oral cavity may 
not themselves be sufficiently flexible for use in an odorant containing layer 
in a device according to the invention. Conventionally, the layer would be 

30 rendered more flexible by addition of a suitable plastidzer such as glycerol. 
We have discovered that the essential oils of Spearmint, or Peppnmint, and 
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of Wintersreen can provide substantial and suffident plastiddng effect when 
mixed with HPC in quantities suitable for extended dcHveiy of mint odonuit 
to the oral cavity at breath freshening rates. 

In this example, the elastic moduU (as a measure of flexibility) are 
5 compared for film preparations of HPC containii^ no additional 

components, and of film prqnntions containiqg 15 weight % of oQ of 
peppennint, oil of spearmint, oil of winteigreen, and oU of lemon. Tliis 

conventional measurement entails measurii^ the tensfle force per unitcross 
sectional area (stress) of a san^le of the film during elongation of the 

10 sample at a fixed rate (strain). The elastic modulus is derived from the 

stress/strain curve. In this example, the test was carried out on bone-shaped 
film samples 5 mils thick and 0.25 inch wide, gage ler^th 1.0 inch, at an 
elongation rate of 0.2 inch/min. All samples were tested at room 
tonpcxature (20-25 "Q. 

The results are shown in Fig. 16. As the F«. shows, addition of any 
of the mint odorants to the HPC composition results in a substantially and 
sufficiently flexible film, while addition of lemon on does not suffidenliy 
lower the ehstic modulus of flie film. Thus, where a mint odorant is used, 

no additiond pUurtidzer is xequired in the odorant containing layer. 
^ Example XX 

Delivery of Peppennint over Extended Times 
In this example, the capacity for delivering a bicath-fiBshenii« 
substance into an aqueous medium was compared in devices accordii^ to the 
invention and in a "breath mint" that is commercially marketed under the 
25 name -Celts*-. A flavor containing film was constructed, generally as 
described in Example XVn. Portions of the film 1/2 inch in diameter and 
25 mils thick, each containing 8.6 mg menthol were immeraed in distilled 
water, and breath mint tablets each containing 4.3 mg menthol were 
immersed in distilled water in separate flasks, and the flasks were 
continuously shaken. Samples were withdrawn from the flasks after elapsed 
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times of 15 min., 30 mm., 45 min., 60 min., and 120 min., and fte quantity 
of menthol was analyzed by gas diromatography. 

The results are shown in Fig. 17. On average, the breath fresbeniqg 
device of the invention had by the first (fifteen minute) sample interval 
5 released about 0.7 mg mentho!, and thereaita the device delivered menthd 
at a continuous steady rate throughout the sampling period; at the two hour 
sampling interval, q>proxunatdy 2.0 mg of the original 8.6 mg of mentfiol 
had been rdeased from the device, and rate of delivery was continuii^ at 
slightly less dian 0*25 mg per hour. By contrast, each breath mint had on 
10 average by the first sampling interval released nearly half its total quantity of 
menthol, and had nearly exhausted their delivery cspadty at the second 
(thirty minute) sampling interval. 

In a pmon's mouth, the saliva is swallowed more or less 
continuously, and once a conventional breath mint has been completely 
15 dissolved, the breadi fireshening efifect wanes qmddy as the residual odorant 
is flushed away. As die example shows, the invention can provide for a 
sustained and steady supply of the breath fireshening odorant to the saliva 
flow, resulting in an extended brea& freshening effect 

Example XXI 

20 Evaluation of Breath-Freshening Efifect 

In this example, the breath freshening effectiveness of devices 
according to the invention, constructed generally as described in Exanqde * 
XVn above, were informally evaluated by volunteers. The volunteers * 
reported that the device was convenient to use, was non-obtrusive, did not 

25 materially interfere with speech, and left a pleasant taste and odor in the 
moudi. 

Other Embodiments 
Other embodiments are within the following daims. 
30 For example, the water-soluble pressure-sensidve adhesives accordiqg 

to the invention can be used to affix transdermal devices to human skin. 
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Because the materials in the adhesive are GRAS certified, they can residt in 
an adhesive product having veiy low sldn iiritation and reaction. 

The water-soluble pressure-sensitive adhesives of the invention can act 
as a reservoir for difiusional deKveiy of a substance into the mucosa-Iined 
body cavity (such as the oral cavity or gastrointestinal tract, or the vaginal 
cavity), or for deliveiy of a substance transmucosally through the area of 
adhesive contact. Preferably for such appKcations, the adhesive is provided* 
in film form, and is loaded with a suitable quantity of the substance to be 
delivered. For use in transmucosal ddivciy, one suifece of Uie adhesive 
fihn makes adhesive contact with the mucosal surfiue; preferably the odier 
suifiice of the adhesive film is covered with a substance-ocdusive backing 
layer made of a material that is poorly soluble in water or in the fluid 
secretions of the body amty in which the fihn is used. Examples of 
substance-ocdusive pooriy soluble materials Aat are safe for oral use indnde 
15 poly(dimethyl siloxane), poly(tetrafluoro ethylene), ceUulose acetate, and 
copolymers of neutral methacryKc add esten with one or both of 
methaoylic add and diethylaminoethyl melfaaaylate. 

In a dental prosthesis adhesive film q)pIication, for example, the 

adhesive can be loaded with a flavoring or a mouth deodorant to act as a 
20 breath fieshener, or with an antibacterial. Suitable flavorings, mouth 
deodorants, and antibacterials are known in the oral hygiene art As the 
adhesive slowly dissolves, the agent is gradually rdeased into the oral 
cavity. 

Or, in a dental prosthesis adhesive fihn application, the adhesive can 
25 be loaded with a substance to be delivered transmucosally; in this 
configuration, the dental prosthesis worio as an ocdusive baddqg. 

The water-sohible pressure-senative adhesives of the invention can be 
employed as an adhesive layer in a laminated device for difiusional ddiveiy 
of an agent within a mucosa-lined body cavity. Such huninated devices can 
take any of a variety of forms, and may have just one layer in addition to 
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the adhesive (sucli as the substanoeK)cclusive poorly soluble layer described 
above, for example), or many additional layers. 

Water-soiuble pressure-sensitive adhesive films according to ibt 
invention can be made by other processes than described above. Where a 
5 press is used to form the film, for example, different temperatures may be 
used, according to flie particular pdymer composition. 

Alternatively, the molten polymor may be extruded tfarougjh a slit die 
to form a film of the desired thickness; or it can be extruded or cast as a 
single film between release suxfeioes. In the latter case, die product can be 
10 cut to a shape appropriate to the particular application, and the release liners 
can be peeled away just prior to use. 

Other embodiments are within the following daims, and variations on 
the embodiments shown by way of example above have been made and can 
be altraed as may be deshied. For example, with reference to Exanqdes 1 
15 and 2, aq)artame can be left out and a flavor in^artiiv a difierent taste or 
odor can be added instead. Also, die loading of actives dydonine HO, 
mentiiol, and dnede can be controlled by dtfa» varying the concentration or 
dianging the thidmess of the disc. Other active substances usefiil for rdief 
of sore throat pain or cough can be delivered according to the invention. 
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Claims 

1. A watCT-sduble pressure-sensitive adhere comprising a 
water-soluble polym» and a water-soluble plastidzer, said polymer having a 
T(g) or a T(m) greater than about 25 "C and having a hydrqphffidty greater 
5 than about 25 %, said plastidzer being misdble with said pdymer at room 
temperature and bang liquid at room temperature and haviqg a boiling paint 
higho-than 
80«C. 

2. The water-soluble pressure senative adhesive of «^iM«iT 1 
10 wherran said polymer has a T(g) or a T(m) greater than about 30 

3. TTie water-soluble pressure-sensitive adhesive of daim 1, said 
polymer comprising poly(viiiyl pyrroKdone) and said plastidzer comprising 
gjyoadl. 

4. The water-soluble pressure-sensitive adhesive of '^•i'*^ 3, said 
15 polymer iiirtiiear conqnising l^dnn^ propyl cellnloie. 

5. The water-soluble pressure-soisitive adhesive of «ia^tn 3, 
con^jrising 95-40 wdght % poly(vinyl pytrolidone), 0 - 50 weight % 
hydroxy propyl ceOulose, and 11 - 60 wdght % glycerol 

6. Hie water-soluble pressure-sensitive adhesive of daim 5, said 
20 glycerol bdng present in tiie range 30 - 50 wdght %. 

7. TTie water-sduble pressure-sensitive adhesive of r-i«iiin 1, ja 
film form. 

8. A dental prosthesis adhesive, comprising tiie water-solubile 
pressure-sensitive adhesive film of daim 7, shaped to confonn to aportion 

25 of die muoosd surfiue-contacting sur&ce of die dental prostiu^. 
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9. A laminated device for the controlled rdease of a substance 
within a mucosa«-lined body cavity, said device comprising: 

a water-soluble adhesive lay and 

a water-soluble polymer layen 
5 wherein the substance is dissolved or dispersed in either or both of said 
adhesive or polymer layen. 

10. The device of claim 9 wherein delivery of the substance is 
characterized by a delayed onset 

11. Hie device of daim 10 wherein the polymer layer is 
10 substantially impermeable to the substance and does not contain the 

substance. 

12. The laminated device of daim 11^ said pdymer layer being 
insduble in water that is bdow 40 ^C. 

. 13. The laminated device of daim 12, said polymer layer 
IS comprising hydroxypropyl cdlulose and soibitan monbsteaiate. 

14. The device of claim 13 whodn the substance is a breath 
reodorant* 

15. The device of daim 9 wherein the adhesive layer comprises 
and an adhesive sdected from the group consisting of a pressure-sensitive 

20 adhesive and a moistenable adhesive. 

16. The device of daim 15 wherein the adhesive comprises a 
pressure-sensitive polymer adhesive having a T(g) or a T(m) greater than 
about 25 *C and having a hydrqphilidty greater than about 25 said 
plastidzer bd^g misdble widi said polymer at room temperature and being 

25 liquid at room temperature and having a boiling point higher than 80 

17. The device of daim 9 comprising one or more polymer layers 
and two or more substances to be delivered. 

18. The device of daim 17 wherein the substances are ddivered 
sequentially. 
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19. A hmiiiated device for the controlled rekase of a substaiTO 
within a mucosa-fined body cavity, said device comprising: 
a water-sohible adhesive layen 
a first water>soIubIe polymo- layer; and 
a second water-soluble polymer layo^ 
wherein the substance is dissolved or dispersed in any or all of said adhesive 
or polymer layers. 

20. Tbedeviceofdaim 19 wherein the adhesive layer and the 
second polymer layn- contain the substance and wherein die first pdymer 

kyer is diqxised between the adhesive layer and the second pdtymer hycx. 
and wherein die device provides for pulsatile deUveiy of the substance. 

21 . Hie device of daim 20 wherein the pulsatile dcHveiy is 
characterized by periods of no delivery of the substance. 

22. TTie device of daim 19 further comprising a third polymer 
15 layer wherein the first and the third polymer layers contain die substance 

and wherein die first polymer layer is disposed between the adhesive layer 
and the second polymer kyer and the second pdymer layer is disposed 

between the first pdymer layer and the diiid pdymer layer and wherein the 
device provides fiir pulsatile ddiveiy of the substance. 

20 • 23. The device of daim 22 v^erein the pulsatfleddiveiy is 
characterized by periods of no deliveiy of die substance. 

.24. A laminated device for flie controlled release of a substance • 
within a mucosa-lined body cavity comprising the substance dissolved or 
dispersed in a water-soluble pressure-sensitive adhesive layer. 

25 25. The device of daim 24 wherein die waler-sduble adhesive 

layer comprises a pressure-sensitive polymer adhesive haviqg a T(g) or a 
T(m) greater than about 25 •€ and having a hydiophifidty greater dum 
about 25 «, said phstidzer beiqg misdble widi said polymer at room 

tempenrture and bdng liquid at room temperature and having a boiling poi^ 
30 higher dian 80 *C. 
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26. A laminated composite device for delivering a substance into 
the oral cavity for relief of sore throat or cough, comprising a water soluble 
polymer film layer containing the active ingredient, and a water soluble 
pressure sensitive mucoadhesive layer. 

5 27. TlielaminaledcompositBof claim 26 wheran the active 

ingredient is a medicamrat for the xdief of sore fliroat pain. 

28. The lanrinat rd composite of daim 27 wherein the active 
ingredient is selected from tiie grcmp consisting of benzocaine, lidocaine and 
dydoinne. 

10 29. The laminated composite of daim 26 wherein the active 

ingredient is a medicament for the relief of cou^. 

, 30. Thelaminatedcompositeof daim 29 wherein tiie active 
ingredient is selected from tiie group consisting of dextrometiunphan HBR, 
noscpine» codeine i^osphate, mentiial. 

15 31. The laminated composite of dafm 27 additionaUy comprising a 

medicament for tiie rdief of con^. 

32. Hie laminated composite of daim 26 wherein tiie active- 
containing water soluble layer comprises a hydrophobic material tiiat will not 
dissolve in water bdow 40*C and is hot water dispersible. 

20 33. The laminated composite of daim 32 wherein the active- 

containingwater soluble layer is selected from tiie group of materials 
consisting of monoglycerides, b^glycerides, waxes, fatty adds, fitly alcohols 
and mixtures tiiererf. 

34. Hie l a min a t pd conqwsite of daim 26 wherdn tiie pressure 

25 sensitive adhesive is comprised of a water sduble polymer witii a glass 
transition temperature above about 25''C and a hydrpphilidty greater tiian 

about 25%, and a plastidzer tiiat is liquid at room temperature and has a 
boiling point hi^io* than about 80*C. 
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35. The laminated composite of daim 34 v^erdn the polymer is 
sdected from the group consisting of poly(vinyl pynrolidone), poly(viiiyl 
alcohol), hydroxy propyl cellulose, poly(ethylene oxide), poly(acrylic add), 
polyacrylates, stardi and stardi doivatives, polysaccharides, sodium 

5 caibo^rmethyl cellulose, xandian gum, kaiaya gum, and gelatin or mixtures 
tiiereof. 

36. The laminated compoate of daim 34 wherein the plastidzer is 
selected from die group consisting of glycerin, soibitol, glycol, pdysoibate 
80, trietfayl dtrate, acetyl ttiethyl citrate and tributyl dtnte. 

10 37. The laminated composite of claim 26 further induding a third 

polymer layor intoposed between die adhesive layer and die active- 
containing l^er. 

38. A mediod for adnunistering a substance over an extended timg 
period for relief of sore diroat or cough, comprising dissdvinig or diapersiqg 

15 die substance in a l a min a t ed water soluble device having a water sohible 
pressure sensitive adhesive layer, and afiBxi^g die device onto a mucosal 
sur&oe of die aral cavity. 

39. The mediod of daim 38 wherein die substance is a medicament 
for die idirf of sore throat pain. 

20 40. The mediod of daim 39 wherdn die medicament is selected 

from the group consisting of benzocaine, lidocaine and dydonine. 

41. The mediod of daim 38 wherein die substance is a medicament 
for the relief of congb. 

42. The mediod of daim 41 wherdn die medicament is sdected 
25 from die group consisting of dextromedioiphan HBR, nosqnne, codeine 

phosphate. 

43. The mediod of daim 42 additionally comprising a medicament 
for the relief of cou^. 
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44. A device for emplacement within a mucosa-Iined body cavity 
of a subject, said device including a portion made of a water-soluble 
pressure sensitive mucoadhesive composition, said wat^-soluble pressure 
sensitive adhesive portion having a surface that forms a basal pressure** 

5 sensitive adhesive surfiu^e of said device. 

45. Hie device of claim 44, being a device for delivery of a 
substance to tiie subject 

46. The ddiveiy device of daim 45, said device being constructed 
to deliver a substance into the body cavity in which the device is emplaced. 

10 47. Ihe delivery device of daim 45, said device being constructed 

to deliver a substance across a mucosal surfsice to whidi the basal pressure- 
sensitive adhesive surface of the device is affixed. 

48. The device of daim 44, being a laminated device structure, 
wherdn the water-soluble pressure sensitive portion comprises a basal layer 

.15 of tiie device. 

49. A laminated device for administmng a mint aroma into tibe 
oral cavity over an extended time, said device including a basal layer 
coinprising a water soluble pressure sensitive mucoadhesive polymer 
composition, and an upper layer comprising a water sduble polymer 

' 20 composition and a mint flavorii^. 
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